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SET IV, 



1. Pb(OH)o + HNO3. 

2. Pb(N03)2 + HCl. 

3. HgO + H3PO.. 

4. AICI3 + Ag^SO,. 

5. Ag^O + HNO3. 

6. KCl + HgNOa 

7. BafOH)., + HCl. 

8. MnfOH), + HCl. 

9. Green vitriol + Bad, 

0. R.&S. 4th method of iiiakingHo. 

1. Pb(N03)2 + MgCl,. 

2. HgijO + HCl. 

3. Pb(C2H302)2 + NaCl. 

4. SbA + HCl. 

5. Pb(N03)2 + AICI3. 

6. Sn(0H)2 + HBr. 

7. AgNOg + AlBr3. 

8. Mn(OH)2 + HBr. 

9. Cd(0H).2 + aqua fortis. 

20. CdCli + KCNS, Fresenius. 

21. BaCl, + Fe^CSOj,. 

22. Xg^^O, + Bad,.. 

23. Cd{OH)2 + HoCoO,. 

24. BaS + PblC.HaC).), 

25. Sn(OH)2*+ HBr. 

26. Pb(OH)2 + H2C.,0,. 

27. CuSO, +H2S. 

2^^. Mn(OH)., + HCl. 

29. Baking soda + CaCl, (boil). 

30. R.&S. 5th method of making H..,. 

31. Pb(N03)2+ KBr. 
7,2. AgoSO, + Srd,. 

33. BaCO:, + HC,,H:,C),. 

34. FeCl;{ + HoS. 

35. Mg(OH), + HClOn. 

36. Sr(NOo),> + A12{S()4)h. 

37. KOH + HCoHnCV 

38. MnSO^ -f HBr. 

39. Ni(()H).j 4 muriatic acid. 

40. SbCl, + H.O, Menschutkin. 

41. BaCl. +K,S04. 

42. Srd, + NH/)H. 

43. Fed, + (NHJ2S. 

44. Ca(OH), + H,C,()4. 

45. HgCl, + HgNC),. 

46. NH/)H + H3PO4. 

47. AgNO, + AlBr,. 
48.*Mn()., 4- HC^l. 

49. Washing soda + CaC^l.,. 

::o. R.^S. (ith method of makmir VV. 



51 

52 



64 

65 
66 

67 
68 
69 

70 

71 
72 

73 

74 

75 
76 

77 
78 

79 
80 

81 

82 

83 
84 

85 
86 



87 
88 

89 
90 

91 

92 

93 

94 

95 
96 

97 
98 



ZnCU + KOH, excess. 



H8ASO4 + KOH. 

53. Fe2(SO,)3 4- H2S. 

54. BaCU + HoS. 

55. Cr(OH)3 + H2SO,. 

56. ZnSO* + BaClo. 

57. BaCl2 + NH4OH. 

58. Mn304 + HBr. 

59. Alum -f- K2CO3. 

60. MgClg + HgO, Menschutkin. 

61. FeCls + HBr. 

62. AggO + HCl. 

63. CrCls + K2CO3. 
BaS + PbSO*. 
FeCl3 + (NH^oS. 
Pb(OH)2 + H2SO4. 
HgN03 + FeBr,. 
PbOo + HCl. 
Sugar of lead + NagS. 
R.&S. 3d method of making Hg. 
Bi(OH)3 + H2S. 
Hg20 + HBr. 
FeBrn + H2S. 
BiOCl + HoS. 
Bi(C)H)3 + HoS. 
SbCU + KOH, excess. 
Srd, +NH4OH. 
PbO., 4- HBr. 
Ammonia alum + BaCl2. 
Mgd,+Ba(OH)2, Menschutkin. 

KoPbO., + H.,S. 

H3ASO4 + HI. 

Sr(OH)., +H2SO4. 

Cad, + H2S. 

Fe,,(S04)3 -f- (NH^IoS. 

FeCL, + K0CO3. 

NiO -h H3ASO4. 

KoSnO, + HoS. 

Red precipitate + HNO^ 

R. & S. 2d method of making H.,. 

Balo + AgoSO^. 

Fe(C,H30,>), + H2S. 

A1(0H)3 + H4P2O;. 

Pb(NO,)2 + KOH, excess. 

ZnO + HPO3. 

CaCL + NH4OH. 

Pb3(P04),> + H2S. 

PKO.-V ^^^^- 



OI. 

02. 

03. 

04. 

05- 

06. 

07- 
08. 

09. 
10. 
1 1. 

12. 

14. 

15- 
16. 

17. 
18. 

19. 

20. 

21. 

22. 

23- 
24. 

25- 
26. 

27- 
zS. 

29. 



^o. 



31- 



HNO,. 
[fusion. 



^2. 

33- 

34. 

35- 

3('- 
"> •• 

3«. 

39. 
40. 

41' 
42. 

43- 

44. 

45- 
46. 

47- 
48. 

49. 



ZnSO, + Na,CO:,. 

Mn(OH)2 + PbO, + Hx\(V 

Fe(()H)3 + HI. 

MnO, + HCl. 

PbO, + H2S. 

FeBr.j -f- K._>S. 

HgCl., + SnClo, ex'cess. 

MnO, + HI. • 

Calomel + NH,()H. 

AuCio + FeS04, Clowes, Qual. 

MnsO^ + H,C,A. [Anal. 

Fe(NO,), + (NH4)oS. 

PbrNOa), + XH.OH. 

Mn(OHy, + Pb,04 

HgCl, + Fe. 

Cr(OH), -h KNO, 

MmOo + HCl. 

As^O,. + Zn + II.SO^. 

Vermilion + a(|ua regia. 

AlCls + steam. Watts I, 144. 

FeCl, -f K,CO,. 

MnO, + PbO, + UNO,. 

Fe(OH):, + HI. 

MnO, + HHr. 

Pl),(), + H,S. 

Fe( C,H3( ),), + Xa,S. 

CuSO, + Fe. 

Mn,0, + HI. 

Corrosive sublimate -(- XH4()H. 

Sexton's Qual. Anal. Questions 

Fe(()H):, + H,S. (44 to 51. 

Mn,(), + HC\. 

HgCl + NHjOH. 

MnSO^-h Pb(),+ H,S()4, dilute. 

AgNO, + Cu. 

(T,(),+ KX():,+ K,C(),, fusion. 

Mn,0:j + 1 1 Br. 

H.AsO^ + Zn + H,S(),. 

Salt of tartar -f- UNO,. 

Hi + HgCl,, heat, Walls 1, ol^. 

AgXO, + Xa,HP(),. 

Mn.O^ + PbO, + HXO,. 

H.AsO, + HI. 

MnO, -f HI. 

SnCl, + K,C(),. 

Pb.O^ + HCl. 

HXO, + Al 4 KIOH, excess. 

Mn,04 + HI. 

Copperas -J- H.,^. [Anal. 

K.CrJK + J Id, Clowes, Qual. 



51- 

52. 

53- 
54. 

55- 
56. 

.57. 

58- 

59. 
60. 

61. 

62. 

63- 

64. 

65- 
66. 

67. 
68. 
69. 

70. 

71. 

72. 






74. 

75- 
76. 

mm pm 

/ / • 
78. 

79. 
80. 

81. 

S2. 

S3. 
84. 
85. 

86. 
87. 
HH. 
89. 
90. 
91. 
92. 

93- 
94. 

95- 
96. 

97- 

98. 

99. 
, 200. 



Fe.O^ + H,S. 

Mn.O^ + H,S. 

HgCl, + XH4OH. 

Mn,04+ Pb304+ H,S()4, dilute. 

As,S:, + HCl. 

XH4OH + K,Hgl, +KOH. 

Mn,(), 4- HI. 

AsH:, + AgXO,. 

Kpsom salts + SrCl,. 

PbCl, + NH4OH, Fresenius. 

BiCl;, + KOH + K,SnO,. 

MnfXO,), + PbO, -f HNO3. 

Fe,(S04)H + Kl. 

MnO, + H,S. 

A1,(S04), + Xa,CX):,. 

KiCl, + KOH + K,Sn0,. 

K,ZnO, + H,S. 

KMnO^ + HI. 

Blue vitriol + 1^1- 

Sexton's Qual. .\nal. ipiestion 

K.Ct.O; + H,S. [121. 

Mn.O^ + HI. 

Hg(X(),), 4- XH^OH. 

CuS4- HXO,. 

KMnO^ + HCl, hot. 

]{A\X\ + KMnO^ + H,S04, 

Mn,():, -h H,C,(),. [dilute, hot. 

Co,0, 4 H,C,(),. 

Butter of antimony 4- H,S. 

K,C:r,0- + H,S 4- H,S()4, Fre- 

KMnO^ 4- HBr, hot. [senius. 

Mn,(), + PbO, 4- HXO,. 

(XHj.PO, + KOH. 

MnO, + H,(V),. 

SbCl, 4- K,C(),. 

Ag -f- HXO:, 

Zn 4- KOH. 

BaiMnO;), + HI. 

Xilrc -\- oil of vitriol, hot. 

Xn,Cr,0. -h H,S4- ll.SO^, Fre- 

Al 4- KOH. [senius. 

Mn,(), 4- HHr. 

Zn(1, 4- XH/)H, excess. 

Hi.S, 4- HXO,. 

Aj^r.C ). i<milion. 

KMnO. 4- HX\,(),. 

MnO,, ignition. 

Xi(OH), + }LC.X)^. 

Sescjuichloride of iron 4" HoS. 



PREFACE TO THE FOURTH REVISED EDITION. ^ 



9 In this edition the text has been mostly rewritten, to bring in the later results and tc 
"* agree with fuller experience. The metalloids and acids have received more adequate 
^ treatment, and throughout the work the descriptive chemistry has been enlarged, in 
Jj systematic arrangement. To gain room for these additions, some verbal condensation 
^ has been made all through the book, and such matter as could best be spared, including 
'^ the introductory chapter, has been omitted. With a design to keep within previous 
" limits of size, the edition is only 12 pages larger than the previous one. 

In the preface to the first edition it was said to be the chief object in the work ** to 
aid the student in gaining accurate acquaintance with the facts whereby analyses are 
made, and a clear understanding of the co-ordination of these facts — ^the principles of ana- 
lysis." And the authors still believe that the best study of analytical chemistry is among 
the best of the methods for the study of general chemistry. In this edition, with the 
purpose to bring together varied resources of analysis for co-operation with each other, 
fl^' to a wider knowledge of chemical reactions, the chief plans for quantitative analysis 
<r have been introduced. These are in no case to be resorted to as directions for quanti- 
>, tative operations, which require a strict control of details not presented in this work. 
v» With the same purpose, under a like limitation, the leading methods of preparation or of 
. manufacture of compounds are indicated, in order following the statements of '* sources '* 
S in chemical description. 

jL The special treatment of reactions of oxidation and reduction was introduced by one 

^ of thp present authors in the third revised edition, and is now extended through the text 

^ upon metalloids and acids. The use of negative as well as positive units of valence has 

-^ been found most helpful for the statement of reactions of oxidation, and is now offered. 

]j in its proper notation, where required throughout Part II., but this additional notation 

K^ will not in tlie least embarrass readers who would omit it. 

The first edition of this work appeared in 1873, the second revised edition in 187^, 
and the third in 1880. With the first edition were incorporated the Tables for Qualitative 
Analysis by Professor Silas H. Douglas, editions of which had appeared in 1864, 1865, 
and 1868. Professor Douglas having some years since retired from engagements in 
chemistry, and being by his long and most valuable services in chemical education well 
entitled to release, now withdraws his name from tlie authorship of this work. 

Thb Chemical Laboratory of the University of Michiqan, 

August, 1888. 
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THE NOTATION OF MEl^ALLTC COMPOUNDS. 



ACIDS. 

An acid is a salt of hydrogen. It consists of an Acid Radical^'* united 
with hydi'ogen which can be exchanged for a metal, this being the forma-, 
tion of a salt. The hydrogen is the base of the acid, as the metal is Vhe 
base of the salt. Sulphuric acid, for instance, is sometimes written liydro- 
gen sulphate. Oxacids are those whose radicals contain oxygen, as HNO,. 
Hydracids are those whose radicals have no oxygen, as HCl ; their names 
begin with hydr and end with ic, and the names of their salts end in ide. 
The Anhydride of an oxacid is what remains after removing from the acid 
its basic H, and enough O to form H^O with the H. Thus, the anhydride 
of HgSO^ is SO,, and carbonic anhydride is CO,, carbonic acid being 
H3CO3. Acids whose molecules contain but one atom of basal hydrogen 
are termed monobasic, as HNO, and HCl ; those with two atoms of hydro- 
gen in the molecule, dibasic, as H^SO^ and H,S ; those with three hydro- 
gen atoms, tribasic, as HjPO^ ; etc. Some of the more important acids are 
given in the following list : 



Hca, 


hydrochloric acid, 


, hydrogen chloride, or hydric chloride. 


HOIO,, 


chloric 


a 


<< 


chlorate. 


tt 


chlorate. 


HBr, 


hydrobromic 


<< 


(( 


bromide. 


(( 


bromide. 


HBrO,, 


bromic 


n 


n 


bromate. 


(( 


bromate. 


HI, 


hydriodic 


(< 


iC 


iodide, 


tt 


iodide. 


H10„ 


iodic 


n 


i< 


iodate. 


t( 


iodate. 


HNO., 


nitric 


(< 


tt 


nitrate, 


et 


nitrate. 


H,S, 


hydrosulphuric 


6C 


<< 


sulphide, 


tt 


sulphide. 


H,SO^ 


sulphuric 


<6 


(< 


sulphate. 


ft 


sulphate. 


H,SO., 


sulphurousf 


i( 


ic 


sulphite,! 


tt 


sulphite, f 


H,CO., 


carbonic 


(( 


li 


carbonate, 


te 


carbonate. 


H,CrO., 


chromic 


<€ 


iC 


chromate. 


ft 


chromate. 


H.PO„ 


phosphoric 


t< 


tt 


phosphate. 


tt 


phosphate. 


H,AsO„ 


arsenic 


ci 


tt 


arseniate, 


tt 


arseniate. 


H,AsO„ 


arsenious 


it. 


tt 


arsenite, 


t( 


arsenite. 


H.Fe,(Clf)„, 


hydrofeiTicyanic 


t 


tt 


ferricyanide, 


tt 


ferricyanide. 


H,Pe(CN)., 


hydroferrocyanic " 


tt 


ferrocyanide. 


tt 


ferrocyanide. 


HC,H.O,. 


acetic 


<< 


tt 


acetate, 


tt 


acetate. 


H,C,0„ 


oxalic 


<i 


tt 


oxalate. 


tt 


oxalate. 



* The tenn Hadical is applied to a group of atoms which retains its inte^ity while transferred from 
one molecule to another. 

t Oxacids whose names end in ic form salts with names ending in ate ; while those, containing less oxy- 
gen, whose names end in ous, make salts having names ending in ite. 

9 



10 Meta L8. 

An acid radical is the group which remains after removing all of the 
hydrogen from an acid : NO, is nitric acid radical, PO^ is phosphoric acid 
radical. Exceptmi — Some organic acids retain a part of their hydrogen in 
the radical ; thus, acetic acid radical is C^HjO,. 

METALS. 

Of these the more important are given in this list. The accents indi* 
cate bonds, valence, or quanti valence : 







First Group. 




Ag' 


the base of silver or argentic 


salts. 


Pb" 


<e 


lead ^^ plumbic 


i< 


(Hg«)" 


(( 


mercurous 
Second Group. 


it 


Sn'' 


the base of stannous 


Raits. 


Sniv 


(t 


stannic 


ii 


Sb"' 


a 


antimonous 


<€ 


Sb^ 


tc 


antimonic 


ii 


As'" 


found 


in arsenious compounds. 




As^ 


a 


arsenic ** 




Hg'' 


the base of mercuric 


salts. 


Bi"' 


cc 


bismuth or bismuthous 


cc 


(CuJ" 


(C 


cuprous 


ti 


Cu" 


ii 


cupric 


tl 


Cd" 


€i 


cadmium or cadmic 
Third Group. 


« 


Fe" 


the base of ferrous 


salts. 


(Fejvi 


a 


ferric 


it 


Or' 


<( 


chromoiis 


a 


(Crjvi 


<( 


chromic 


li 


(Al,)- 


a 


aluminium or aluminic 


it 


Co ' 


i( 


cobaltous 


it 


(Cojvi 


is 


cobaltic 


it 


Ni" 


a 


nickel or nickelous 


it 


Mn" 


<( 


manganous 


it 


(Mn,)vi 


it 


manganic 


a 


Zn" 


ti 


zinc or zincic 
Fourth Group. 


it 


Ba" 


the base of barium or baric 


salts. 


Sr" 


<i 


strontium " strontic 


a 


Ca'' 


a 


calcium " calcic 


ti 



Normal Salts, 11 

Fifth Group. 

Mg" the base of magnesium or magnesic salts. 

K' " potassium ** potassic " 

Na' '" sodium" sodic *^ 

(NH^)' a radical, the base of ammonium or ammonic salts. 

If a metal forms two classes of salts, the one having the less number of 
bonds ends in ous, and that having the greater ends in ic. 

The bonds of acid radicals are shown by the number of atoms of (dis- 
placeable) hydrogei which the acid contains — e.g.^ phosphoric acid, H,PO^ ; 
phosphoric acid radical, (POj"\ 

NORMAL SALTS. 

An i?iorganic normal salt consists of a metal and an acid radical. The 
whole number of bonds of the metal is equal to the whole number of bonds 
of the acid radical. Thus in bismuth sulphate, Bi'",(SO^)''„ each atom of 
bismuth has three bonds, making six in all, and each group of the acid 
radical, (SO J'', has two bonds, making six in all, and equal to those of the 
metal. The equality of the bonds may be easily understood in the follow- 
ing examples of normal salts : 

Sn"(K'0,)',, stannous nitrate. 

Ca",(POJ"'3, calciuni phosphate. 

Ba"(IO,)',, * barium iodate. 
Bi'",(C,0,)"3, bismuth oxalate. 

Bi"',(Pe(CN) J „ bismuth ferrocyanide. 
K\S'\ potassium sulphide. 

Bi'",(S03)", bismuth sulphite. 

As has been stated, if a metal forms two classes of salts, that having the 
less number of bonds ends in ous, and the higher in ic : thus, SnCl,, stan- 
nous chloride ; SnCl^, stannic chloride. In such cases only one name can 
1)6 used. 

On the other hand, if*a metal forms only one class of salts, then good 
usage will permit us to employ either of the three systems of nomenclature, 
{is follows : 

BaSO^, barium sulphate, baric sulphate, or sulphate of barium. 
Ag^S, silver sulphide, argentic sulj)hide, or sulphide of silver. 
Such names as sulphate of potash for K^SO^, and sulphate of lime for 
CaSO^, were formerly admissible, but are now almost obsolete. 

In seven instances, as given above (HgJ", (Cu,)", (AlJ^i, (Pe,)'^ (^rj^,. 
(CoJ^'i, (Mn,)^^, the atoms of the metal are always written in pairs, never 



12 Acid Salts. 

singly and never with au odd number of atoms. Thus, ferric chloride is 
not FeCl,, but Pe,Clg; and mercurous phosphate is not Hg,PO^, but 
Hg.(POJ,.* 

Second Explanation of the Method of Writing Normal Salts. 

Take as many atoms of the metal as the acid radical has bonds, and as 
many molecules of the acid radical as the metal has bonds ; tlieu reduce to 
lowest terms. In this way bismuth phospliate would be Bi3(POj„ and, re- 
duced to lowest terms, BiPO^. This plan is easier for beginners, but is less 
scientific and does not so easily explain acid and basic salts. 

ACID SALTS. 

An acid salt contains hydrogen, and its bonds must be added to those of 
the metal. The sum is then equal to the bonds of the acid radical — e,g, : 
Na',H'(POj"', disodium hydrogen phosphate. . 
NaHjPO^, sodium dihydrogen phosphate. 

Cu.^'H,^(As0^^y pentacupric dihydrogen tetra- arsenate. 
PejH,(POj^, hexaferric trihydrogen heptaphosphate. 
MnjH,(POj^, pentamanganous dihydrogen tetraphosphate. 
CUgH2(PO^)g, octocupric dihydrogen hexapbosphate. 

BASIC SALTS. 

Basic salts contain oxygen or hydroxyl, or both, the bonds of which 
must be added to those of the acid radical,, and the sum will always be 
equal to the whole number of bonds of the metal. 

Zn^(OH)j,(CO,)„ pentazincic hexahydrate dicarbonate. 

BijOjCO,, dibismuth dioxide carbonate. 

ZngO^(CO,)„ octozincic pentaoxide tricarbonate. 

Bij,0,(CrOjj, hexabismuth heptaoxide dichromate. 

Pe^OjSO^, tetraferric pentaoxide sulphate. 

These names are formidable for the beginner, but no other plan seems to 
indicate by the name the precise composition of the salt. 

The second method^ which is the one more commonly employed, is to con- 
sider a basic salt as a combination of a normal salt with au oxide or a hy- 
drate, written consecutively and separated by commas. 

• Prom evidences which need not be cited at this stage of study, chemists in general regard the first two 

as dyads and the other six as tetrads. That is to say, in the cases just mentioned the common structural 

formulae of chemists recognize that valence is in exercise between atoms of the same element. Thus ferric 

CI CI 
chloride is written 01 Pe— Pe CI, recognizing iron as "'Fe— Fe'". And it is to be remembered that mo- 

Cl CI 

lecnlar formulae should agree with the molecular weights, which are deduced chiefly from physical constants. 
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The third method is to write the basic salt as an oxide, followed by the 
anhydride. The three methods may be compared thus : 
Tetrazincic trioxide sulphate, 

Zn^OjSO^ = 3ZnO,ZnSO^ = 4ZnO,SO,. 
Octozincic heptaoxide sulphate, 

Zn,0,SO, = 7ZnO,ZnSO, = 8ZnO,SO,. 
Hexabismuth hexaoxide tricarbdnate, 

Bi.O.(CO,). = 2Bi,0.,Bi,(C0,). = 3Bi.O,CO,. 

HYDBOXIDSS. 

A Hydroxide is composed of hydroxy], (OH)', and a metal — e.g., K'OH, 
Ba''(OH)„ Bi'''(OH),. 

Formerly hydroxirles were cnllefi hydrates, and, as many- authors still 
use the old name, its occasional use in this work will be understood. 



THE CHEMICAL ELEMENTS. 



Aluminium. . 
Antimony... 

Arsenic 

Barium 

Beryllium. . . 

Bismuth 

Boron 

Bromine. . . . 
Cadmium. .. 

CaBsium 

Calcium .... 

Carbon 

Cerium 

Chlorine 

Chromium. . 

Cobalt 

Copper 

Decipium., . 
Didymium.. . 

Erbium 

Fluorine. . . . 

Gallium 

Germanium. . 

Gold 

Hvdrogen. . . 

Indium. 

Iodine 

Iridium 

Iron 

Lanthanum. 

Lead 

Lithium. . . . . 
Magnesium . . 
Manganese. . 
Mercury . . . . 
Molybdenum, 



Al 
Sb 
Ab 



Bi 

B 



Od 

Ob 

Oa 

O 

Oe 

Ol 

Or 

Oo 

On 

Dp 

Di 

Er 

P 

Ga 

Or 

An 

H 

In 

I 

Ir 

Fe 

La 

Pb 

Iii 

Mg 

Mn 

Hg 

Mo 



Atomic Weights. 



a> 



27.009 

119.956 

74.918 

136.763 

9.085 

207.523 

10.941 

79.768 

111.835 

132.583 

39.990 

11.9736 

140.424 

35.370 

52.009 

58.887 

63.173 






142.121 

165.891 

18.984 

68.854 

72.32t 

196.155 

1.000 

113.398 

126.557 

192.651 

55.913 

138.019 

206.471 

7.0073 

23.959 

54.855 

199.712 

95.527 



27.04 
119.6 
74.9 
136.86 
9.08 
207.5 
10.9 
79.76 
111.7 
132.7 
39.91 
11.97 

141; 2 

35.37 
52.45 
58.6 
63.18 



145.0 

166. 
19.06 
69.9 

196 .2* 

1. 
113.4 
126.54 
192.5 

55.88 
138.5 
206.39 
7.01 

23.94 

54.8 
199.8 

95.9 



Nickel 

Niobium. . . . 
Nitrogen. . . . 
Norwegium. 

Osmium 

Oxygen 

Palladium. . . 
Phosphorus. 
Platinum . . . . 
Potassium. . . 
Rhodium. . . 
Rubidium. . . 
Ruthenium. . 
Samarium. . . 
Scandium. . . 
Selenium. . . . 

Silicon 

Silver 

Sodium 

Strontium. . . 

Sulphur 

Tantalum. . . 
Tellurium. . . 
Terbium. . . . 
Thallium.... 
Thorium. . . . 

Tin 

Titanium.... 
Tungsten.... 
Uranium. . . . 
Vanadium.. . 
Ytterbium. . 

Yttrium 

Zinc 

Zirconium 



Ni 

Nb 

N 

Ng 

Ob 

O 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tr 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

Yb 

Y 

Zn 

Zr 



ATomc Weights. 



4) 
OS 



^! 



67.928 
93.812 
14.0210 

t 



198.494 
15.9683 

105.737 
30.958 

194.415 
39.019 

104.055 
85.251 

104.217 

149.801 
43.980 
78.797 
28.195 

107.675 
22.998 
87.374 
31.984 

182.144 

127.960 



203.715 

232.020 

117.698 

47.980 

183.610 

238.482 

51.256 

172.761 

88.900 

64.9045 

89.367 



»- s 



58 6 
93.7 
14.01 



195. 

15.96 
106.2 

30.96 
194.3 

39.03 
104.1 

85.2 
103.5 

43!97" 

78.87 

28.0 

107.66 
22.995 
87.3 
31 98 

182. 

127.7 



203.7 
231.96 
17.35 
50.25 
183.6 
239.8 
51.1 
172.6 
89.6 
64.88 
90.4 



The discovery of a few other elements has recently been announced. It is hoped 
that more accurate investigations will soon place their existence beyond doubt. For list 
of new elements announced see a report by H. C. Bolton, "Trans. N, Y, Acad. Sci- 
ences," Vol. V. 



♦ Probably 171, Delafontaine. 
t Winkler, 1886. 
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t Probably 218.03, Dahll. 
% 1484y.Marigiiac. 



A Course in Qualitative Analysis, 15 

OBDER OF STUDY. 

The order of study of qualitative analysis, in the laboratory under the authors^ charge, varied from year 
to year, is at this time about as follows : Preparatory— a drill in " writing salts," to memorize quantivalence 
and make the notation familiar. Then, FIRST, a study of the solubilities of metallic salts and hydrates — 
namely : J., obtaining all the precipitates by potassitun hydrate or sodiuzn hydrate> with the metals 
of successive groups, then the same with axmnoniuxu hydrate, the student writing equations for all pre- 
cipitates. i3. Obtaining the precipitates by potassium carbonate, with the successive bases, and formu- 
lating the changes. In the same way the students work out the precipitates with, C, the sulphates ; D^ 
the sulphites ; E, free sulphurous acid ; F, ammonium sulphide ; G, hydrosulphurio acid ; 
ff, common sodium phosphate ; 7, free phosphoric acid ; J, chlorides ; K, bromides ; L, 
iodides ; 3f, iodates ; N, potassium dichroxnate ; 0, ammonium oxalate. SECOND, a study of 
the analytical reactions of each base, and then, for the first, practice iu the separation of metals from each 
other, taking them in the order of their groups. THIRD, the analytical reactions of each acid, and then the 
separations of acids. FOURTH, practice with synthetic operations, devised by the student, for required 
products, with given materials — equations of all changes being given by the student. Thus, required to- 
make lead sulphide, taking the lead from the metallic state, and the sulphur from calcium sulphate. At this- 
point a full examination is held, and qualification upon all the work passed over is required before going 
further. FIFTH, the analysis of unknown solid mixtures, each containing from two to seven compounds. 
The combination of each base, in the greater number, to be determined by the action of solvents upon the 
mixture. Reports received after analyses of each ten, and results of first and second reports preserved 
SIXTH, the analysis of mixtures in solution, mostly involving the action of oxidizing and reducing agents.. 
Lastly, a final examination. There is a daily recitation, with the daily laboratory work. 
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PART I.-THE METALS. 



1. Classification of Metals or Bases. — In chemical analysis, the metals 
are commonly divided into five groups, according to their deportment, in 
solution of their salts, with certain general reagents, as follows : 

1. Those metals forming chlorides insoluble in water are precipitated 
from the soluti<)«s of their salts by the first group reagent, hydrochloric 
acid:'Ph,Agy(B.g^y', 

II. Metals which are not precipitated by the first group reagent (hydro- 
chloric acid), but are precipitated by the second group reagent, which is 
hydrosulphuric acid slightly acidulated with hydrochloric acid : Sn, Sb, *' 
As, Hg", Bi, Cu, Cd, Pb. Lead chloride is slightly soluble in water ; hen(5e 
only a part of the lead is precipitated in the first group, and the remainder 
in the second. 

III. Metals which are not precipitated by the first or second group re- 
igents, but by ammonium hydroxide and sulphide in presence of ammo- 
nium chloride : Fe, Cr, Al, Co, Ni, Mn, Zn. 

IV. Those metals which are not precipitated by the first, second, or 
third group reagents, but by ammonium carbonate in presence of ammo- 
nium hydroxide and ammonium chloride : Ba, Sr, Ca. 

V. Metals which are not precijiitated by the reagents of the preceding 
groups : Mg, K, Na, NH^. 

Only the more common metals are here given. The position of the 
rarer metals in the five groups is given later. 

2. The group reagents of the second group will preci imitate the metals 
of the first group. The group reagents of the third group will precipitate 
the metals of the first two groups, except Sn, Sb, and As, which are soluble 
in excess of ammonium sulphide. The fourth group reagents will precipi- 
tate the metals of the first three groups, except Ag, Cu, As, Cd, Co, Ni, Zn, 
Mn. After filtering out a group precipitate, the reagent which produced it 
should be added to ttie filtrate to insure its entire removal, before testin^^r 
for the next group. 

16 



The Metals of the Alkalies, 17 

GROUP V. 

3. Magnesium, Mg" = 23.959 An Alkaline Earth Metal. 

The Alkali Metals. 

Potassium, . . K' = 39.019 Lithium, . . Id' = 7.0073 
Sodium, . . . Na' = 22.998 Rubidium, . . Rb' == 85.251 
Ammonium, . . (NHJ' Caesium, . . Cs' = 132.563 

4. The metals of the alkalies are highly combustible, oxidizing quickly 
in the air, displacing tlie hydrogen of water even more rapidly than zinc 
or iron displaces the hydrogen of acids, and displacing non-alkali metals 
from their oxides and salts. As elements they are very strong reducing 
agents, while their compounds are very stable, and not liable to either re- 
duction or oxidation by ordinary means. The five metals, Cs, Rb, K, K"a, 
Li, present a gradation of electro-positive or basic power, caesium being 
strongest, and the others decreasing in the order of their atomic weights, 
lithium decomposing water with less violence than the others. Their speci- 
fic gravities decrease,* their fusing. points rise, and as carbonates their sol- 
ubilities lessen, in the same order. In solubility of the phosphate, also, lith- 
ium approaches the chai-acter of an alkaline earth. 

Ammonium is the basal radical of ammonium salts, and as such has 
many of the characteristics of an alkali metal. The water solution of the 
gas ammonia, WHg (an anhydride), from analogy is supposed to contain 
ammonium hydrate, NH^H, known as the volatile alkali. Potassium and 
sodium hydrates are the fixed alkalies in common use. 

5. The alkalies are very soluble in water, and all the important salts of 
the alkali metals (including WHJ are .soluble in water, not excepting their 
carbonates, phosphates (except lithium), and silicates; while all other 
metals form hydrates or oxides, either insoluble or sparingly soluble, and 
carbonates, phosphates, silicates, and certain other salts quite insoluble in 
water. 

Their compounds being nearly all soluble, the alkali metals are not pre- 
cipitated by ordinary reagents, and, with few exceptions, their salts do not 
precipitate each other. In analysis, they ai-e mostly separated from other 
metals by non-precipitation. 

6. In accordance with the insolubility in water of the non-alkali hy- 
drates and oxides, the alkali hydrates precipitate all non-alkali metals, ex- 
cept that ammonium hydrate does not precipitate bjirium, strontium, and 
calcium. These precipitates are hydrates, except those of mercury, silver, 
and antimony. 

♦ Except those of potassium (0.865) and sodium (0.972). 



M -v^pr-V^ 



f4U«.. 
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The Metals of the Alkalies, 



\' But certain of the non-alkali hydrates and oxides, though insoluble in 

/ water, dissolve in solutions of alkalies ; hence, when added in excess, the 
alkalies redissolve the precipitates they at first produce tvith salts of certain 
rnetah, viz.: the hydrates of Pb, Sn, Sb, Zn, Al, and Cr dissolve in the 
fixed alkalies ; and oxide of Ag and hydroxides of Cu, Zn, Co, and Ni dis- 
solve in the volatile alkali. 



Precipitations by Alkali Hydroxides (KOH, NaOH, and NH^H). 

Note the color of the precipitates. For a full statement of the composition of the 
precipitates, as obtained under different conditions, see the text for the several metals. 
At certain stages in the addition of alkalies, basic salts of numerous metals are formed. 
The proportion of hydroxyl is reduced by elevation of temperature, short of thnt of boil- 
ing water, in many instances; thus Cu(0H)2 is changed to Ou30a(OH)a, and at 100° 0. to 
OuO. 

Barium hydrate, Ba(OH)3, not caused by NH^OH, sol. in 20 parts water. 



« 



Strontium 
Calcium 
Magnesium 
Aluminium " 
Chromium " 



C( 



(( 



a 



<( 



Sr(OH),, '' " '' 60 

Ca(OH),, " '' '' 700 

Mg(OH)„ soluble by NH.Cl, sol. in 6,000 

Al3(OH)g, soluble in excess of fixed alkali hydrates. 

Cr,(OH)j, soluble in cold sol. of fixed alkali, precipitat- 
ed on boiling. 

Pe(OH)3, slightly soluble by NH^Cl. Oxidizes in air. 

Pe,(OH),. 

Mn(OH)3, soluble by NH CI. Oxidizes in air. 

Mn,(OH).. 

Co(OH)„ soluble in excess of NH.OH, and by NH.Cl. 

Ni(OH)„ '■' '' 

Zn(OH),, soluble in both fixed and volatile alkalies. 

Cu(OH)2, soluble in NH.OH (with blue color). 

Cd(OH)„ '' '' (colorless). 

Bi(OH)3. 

Pb(OH),, soluble in excess fixed alkalies. 
Silver oxide, Ag,0, soluble in excess NH^OH. 
Herourous oxide, Hg^O (by fixed alkalies). 
Mercurous-ammonium chloride, NH^Hg^Cl, from Hg^Cl, by KH^OH. 



Ferrous 

Ferric 

Manganous 

Manganic 

Cobalt 

Nickel 

Zinc 

Copper 

Cadmium 

Bismuth 

Ijead 



(( 



(( 



(( 



(( 



(( 



6i 



a 



a 



(( 



(( 
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P0TASSIU3L 19 

Mercuric oxide^ H§0 (by fixed alkalies). 

Mercur-ammonium chloride, NH^HgCl, from HgCl, by NH^OH. 

Antimonious oxide, Sb^O^, soluble in excess fixed alkalies. 

Stannous hydrate, Sn(OH)3, 

Stannic '' Sn{OH)„ 



iC K <C 



<( CC U 



7. Solutions of the allcalies are caustic to the taste and touch, and turn 
red litmus blue ; also, the carbonates, acid carbonates, normal phosphates, 
and some other salts of the alkali metals, give the *' alkaline reaction" 
with test papers. Sodium nitroferricyanide, with hydrogen sulphide, 
gives a delicate reaction. 

8. The hydrates and normal carbonates of the alkali metals are not de- 
composed by heat alone (as are those of other metals), and these metals 
form the only acid carbonates obtained in the solid state. 

V 9. The fixed alkalies, likewise many of their salts, melt on platinum 
foil in the flame, and slowly vaporize at a bright red heat (distinction from 
magnesia). All salts of ammonium, by a careful evaporation of their solu- 
tions on platinum foil, may be obtained in a solid residue, which rapidly 
Taporizes, wholly or partly, below a red heat (distinction from fixed alkali 
metals and magnesium). 

10. The hydrates of the fixed alkali metals, and those of their salts most 
Yolatile at a red heat, preferably their chlorides, impart strongly character- 
istic colors to a non-luminous flame, and give well-defined spectra with the 
flpectroscope. 

POTASSIUM. K = 39.019. 

11. Specific gravity 0.865 (Gay-Lussac). Puses at 62.5° C. (Bunsen). 
Boils at 719°-731° C. (Carnelley). 

12. Preparation. — From the carbonate by fusion with carbon. Also 
made by electrolysis of the hydroxide. A white metal, brittle at 0° C, above 
that temperature soft like wax. It forms two oxides — the peroxide, K^O^, 
which has no corresponding salts, and potassium oxide, Kfi. The so- 
-called suboxide is a mixture of the oxide and metallic potassium (Lup- 

-TOIS").* 

. 13. The hydrate, carbonate, dimetallic phosphate, sulphite, nitrite, ace- 
tate, and normal tartrate are deliquescent. 

14. None of the potassium salts are quite insoluble in water ; the pla- 
tinic chloride, acid tartrate, silico-fluoride, picrate, phosphomolybdate, and 
per-chlorate, being only slightly soluble in water, and quite insoluble in al- 
cohol. The chlorate is but sparingly soluble in cold water, and nearly 

* Jour. Chem. Soc., 1876: 2, 565. 



20 Potassium. 

insoluble in alcohol. Also, the carbonate and sulphate are iusoluble in al- 
cohol. 

16. In ordiuarj qualitative analysis, potassium compounds are identified 
by their flame-color, using blue glass to exclude the color of the sodium- 
flame ; also by precipitation of potassium acid tartrate in alcoholic acidified 
solution, or of potassium platinic chloride. Both these precipitations are 
used in quantitative analysis. 

16. Platinic Chloride (PtClJ, added to neutral or acid solutions not 
too dilute, with hydrochloric acid if the compound be nut a chloride, 'grQci- 
-gii^i^s potassium platinic chloride, (KCl),PtCl^, crystalline, yellow. Non- 
alkali bases also precipitate this reagent, and if present must be removed 
before this test. The precipitate is soluble in 19 parts of boiling water, or 
111 parts of water at 10° C. Minute proportions are detected by evaporat- 
ing the solution with the reagent nearly to dryness, on the water-bath, and 
then dissolving in alcohol ; the yellow crystalline precipitate, octahedral, re- 
mains undissolved, and may be identified under the microscope. 

17. Tartaric acid (H^C^H^OJ, or more readily sodium hydrogen tartrate 
(NaH C^H^OJ, precipitates, from solutions sufl5.ciently concentrated, potas- 
sium hydrogen tartrate, KHC^H^O^, granular-crystalline. If the solution 
be alkaline, tartaric acid should be added to strong acid reaction. The test 
must be made in absence of non-alkalin bases. The precipitate is increased 
by agitation, and by addition of alcohol. It is dissolved by fifteen parts 
of boiling water or eighty-nine parts water at 25° C, by mineral acids, by 
solution of borax, and by alkalies, which form the more soluble normal 
tartrate, K^C^H^O., but not by acetic acid, or at all by alcohol of fifty 
per cent. , 

18. Picric acid, HC,H,(N0j30, precipitates, from solutions not very 
dilute, the yellow, crystalline potassium picrate, KC„H3(N0J30, insoluble 
in alcohol, by help of which it is formed in dilute solutions. The dried pre- 
cipitate detonates strongly when heated. 

19. It will be observed that ammonium salts form precipitates with plat i- 
nic chloride and with tartaric acid, closely resembling those formed with 
salts of potassium, but the latter is the only fixed alkali which is precipi- 
tated by these reagents. 

20. Potassium compounds color the flame violet. A little of the solid 
substance, or residue by evaporation, moistened with hydrochloric acid, is 
brought on a platinum wire into a non-luminous flame. The wire should 
be previously moistened with hydrochloric acid, and held in the flame until 
it does not color. The presence of very small quantities of sodium enables 
its yellow flame completely to obscure the violet of potassium ; but owing to 
the greater volatility of the latter metal, flashes of violet are sometimes seen 
on the first introduction of the wire, or at the border of the flame, or in its 
base, even when enough sodium is present to conceal the violet at full heat. 



Sodium. 21 

Silicates may be fused with pure gypsum, giving vapor of potassium sul- 
phate. The interposiuou of a blue glass, or prism filled with indigo solu- 
tion, sufficiently thick, entirely cuts off the yellow light of sodium, and en- 
ables the potassium flame to be seen. The red rays of the lithium flame, are 
also intercepted by the blue glass or indigo prism, a thicker stratum being 
required than for sodium. If organic substances are present, giving lumi- 
nosity to the flame, they must be removed by ignition. Certain non-alkali 
bases interfere with the examination. 

21. The volatile i)Otassium compounds, when i)laced in the flame, give a 
widely-extended continuous spectrum, containing two characteristic lines ; 
one line, K a, situated in the outermost red, and a second line, K /3, far in 
the violet rays at the other end of the spectrum. 

22. Oxidation. — Potassium does not oxidize in perfectly dry air. Ox- 
idizes rapidly in moist air, and when thrown upon water bursts into flame. 
By the aid of heat it reduces the oxides of carbon, phosphorus, and nitro- 
gen to the free elements, and similarly reduces to the metallic state all tlie 
oxides of lead, silver, mercury, tin, antimony, arsenic, bismuth, copper, 
cadmium, zinc, manganese, cobalt, nickel, iron, and the oxides of many of 
the rarer metals. 

SODIUM. Na = 22.998. 

23. Specific gravity .972 (Gay-Lussac). Fuses at 95.6° C. (Bunsen). 
Preparation. — (1) By igniting the carbonate with carbon ; (2) by ignit- 
ing the hydroxide with metallic iron ; (3) by electrolysis. 

24. A white, soft metal, resembling potassium in its properties, and, 
bjingclieaper, is in greater demand. Sodium forms two oxides, Na^O and 
a peroxide, Na^O,. 

25. Of ordinary compounds of sodium, only the hydrate, nitrate, and 
chlorate are deliquescent. The carbonate (10 aq.), sulphate (10 aq.), sul- 
phite (8 aq.), phosphate (12 aq.), and acetate (3 aq,), are efflorescent. 

26. The salts of sodium are freely soluble in water, except the metanti- 
moniate and the silico-flu<»ride, the latter being sparingly soluble. 

27. Sodium is identified chiefly by its flame-color (30), and by non-pre- 
cipitation with various reagents. Its soluble salts are weighed in gravi- 
metric operations. 

28. Solution of potassium metantimoniate (KSbOj) produces, in neutral 
or alkaline solutions, a slow-forming, white, crystalline precipitate, NaSbO,, 
almost insoluble in cold water. The reagent must be carefully prepared 
and dissolved when required, as it is not permanent in solution. (See 
under Antimonic Acid.) 

29. Sodium platinic chloride, (NaCl),PtCl^, crystallizes from its con- 
centrated solutions in red prisms, or prismatic needles (distinction from 
potassium or ammonium). A drop of the solution to be tested is slightly 
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acidified with hydrochloric acid from the point of a glass rod on a slip of 
glass, treated with two drops of solution of platiuic chloride, left a short 
time for spontaneous evaporation and ci'ystallization, and observed under 
the microscope. 

30. "Sodium compounds color the flame intensely yellow — the color being 
scarcely affected by potassium (at full heat), but modified to orange- red by 
much lithium, and readily intercepted by blue glass. Infusible compounds 
may be ignited with calcium sulphate. The test is interfered with by some 
non-alkali bases. 

31. The spectrum of sodium consists of a single band, Na or, at Fraui^.- 
hofer's line D, in the yellow of the solar spectrum. 

32. The amount of sodium in the atmospJiere, and in the larger num- 
ber of substances designed to be ** chemically pure," is sufficient to give a 
distinct but evanescent yellow color to the flame and spectrum. 

33. Oxidation. — Sodium, in its reducing power, is similar to potassium, 
but a little less rapid in its action. 

AMMONIUM. 

34. Specific gravity of NH3 gas, 0.5901 (Davy); of the liquid, 0.6234 
(Jolly). The liquid melts at -75° C. (Fauaday); boils at -38.5° C. 
(Regnault). 

35. The anhydride, ammonia (NH3), gaseous at common temperatures, 
dissolves in twice its weigiit of cold water, forming a volatile solution 
lighter than water. 

36. The *'sesquicarbonate," (NHJ^H3(C03), (1 aq.), or tetra-animo- 
nium di hydrogen tricg-rbonate, and the phosphate (2 aq,)^ are efflorescent ; 
the nitrate is deliquescent, and the sulphate slightly deliquescent. The 
normal carbonate is very instable, and used only in solution. 

37. The solubilities of the salts of ammonium correspond very nearly 
with those of potassium salts. 

Ammonium is found by obtaining the anhydride, ammonia, in vapor. 
Precipitation as mercur-ammonium iodide is also used. Ammonium ])la- 
tinic chloride is weighed in quantitative work. For the nitroferri cyanide 
test, see under Hydrosulphuric Acid. 

38. Ammonia gas (NHg) escapes from its solutions (luiving alkaline re- 
action) at ordinary temperatures, more rapidly when heated ; and from its 
combinations, in any mixture (alkaline, neutral, or Mcid), by heating with • 
an alkali or alkaline earth (potassium or calcium hydrate). 

NH^Cl + KOH = KCl + NH3 + HP 

39. Ammonia gas is recognized, 1st, by its odor; 2d, by turning 
moistened red litmus-paper to blue ; 3d, by changing led logwood paper 
blue ; 4th, by rendering paper wet with solution of cuprio sulphate blue : 
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5th, by blackening paper wet wifcli solution of mercurous nitrate ; 6th, by 
forming lohite funics with tlie vapors of volatile acids, vapor of HCl form- 
ing solid NH^Cl; vapor of HC^HgO^ forming solid NH^ OJlfi^^ e:c. 

40. A solution of potassium mercuric iodide, (KI)^Hgl2, containing 
also potassium hydrate — Nessler's test* — produces a bnnvn precipitate of 
nitrogen dimercuric iodide, NHg^I (dimercur-ammonium iodide — see under 
Mercury), soluble by excess of KI and by HCl; not soluble by KBr (dis- 
tinction from HgO): 

NH, + 2HgI, = NHgJ + SHI 

NH^OH -f 2(KI),HgI, + aKOH = NHgJ + 7KI + 4H,0 

This very delicate test is applicable to ammonium hydrate or salts ; 

traces forming only a yellow to brown coloration. The potassium mercuric 

iodide, alone, precipitates the alkaloids from neutral or acid solutions, but 

does not precipitate ammonium salts from neutral or acid solutions. 

41. Mercuric chloride (HgClJ forms, in solutions of ammonium hy- 
drate or ammonium carbonate, the *' white precipitate " of nitrogen dihy- 
drogen mercuric chloride, NH^HgCl, or mercur-ammonium chloride. If 
the ammonium is in a salt, not carbonate, it is changed to the carbonate 
and precipitated, by addition of mercuric chloride and potassium carbonate 
previously mixed in solutions (with pure water), so dilute as not to preci- 
pitate eacii other (yellow). This test (Bolilig's) is intensely delicate, re- 
vealing the presence of ammonia derived from the air by water and many 
substances. 

42. Add a small quantity of recently precipitated and well-washed sil- 
ver chloride, and, it \i diOQ^ not dissolve after agitation, then add a little 
potassium hydrate solution. The solution of the AgCl, before the addition 
of the fixed alkali, indicates free ammonia ; after the addition of the fixed 
alkali, ammonium salt. (Applicable in absence of thiosulphates, iodides, 
bromides, and sulphocyanides.) 

43. Flatinic chloride and tartaric acid form precipitates with am- 
monium, which, in conditions of production, form and color of crystals, and 
in solubility, closely resemble the potassium precipitates with the same re- 
agent. They may be distingui^^hed by the effect of ignition, wliich, in case 
of ammonium platinic chloride, leaves pure spongy platinum (without 
KCl), and, in case of ammonium hydrogen tartrate, leaves pure carbo'i 
(without K^COg). Also, NH^H C.H^O^ is more soluble in water than 
KH C^H^Og. Picric acid precipitates ammonium, in solutions not very 
dilute. 

44. Phosphomolybdate of sodium precipitates ammonium from neu- 
tral or acid solutions ; also precipitates the alkaloids, even from very dilute 

♦ This reaeent may be prepared as follows : To a solution of mercuric chloride add solution of potas- 
sium iodide till the precipitate is nearly all redissolved ; then add solution of potassium hydrate ; leave until 
the liquid becomes clear, and decant from any remaining sediment. 
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solutions, and, from concentrated solutions, likewise precipitates K, Rb, and 
Cs (all the fixed alkalies except Na and Li). 

45. Ammonium salts in solution, treated with Morine gas, generate the instable and 
violently explosive ** nitrogen chloride" (N01»?) (a). The same product is liable to arise 
from solid ammonium salts treated with chlorine. Gaseous ammonia, and aqueous am- 
monium hydrate, \rith chlorine gas, generate free nitrogen (6), a little ammonium chlo- 
rate being formed if the ammonia is in excess. Hypochlorites or hypobromites (or chlo- 
rine or bromine dissolved in aqueous alkali, so as to leave an alkaline reaction) liberate, 
from dissolved ammonium salts, all of their nitrogen (as shown in the second equation of 
b); the measure of the nitrogen gas being a means of quantitative estimation of ammo- 
nium. — With iodine, ammonium iodide and the explosive iodamides (as in equation c) 
are produced ; also, in proportion governed by conditions, iodate (d) and hypoiodite may 
be formed. — Ammonia is liable to atmospheric oxidation to ammonium nitrite and ni- 
trate. — Permanganates oxidize to nitrate (e). — Ammonia is somewhat readily pi'oduced 
from nitric acid by strong reducing agents. It is formed with carbonic anhydride, in a 
water solution of Cyanic acid, and, more slowly, in a water solution of Hydrocyanic acid. 
It is generated, by fixed alkalies, in boiling solution of Cyanides (/); also, in boiling 
solutions of albuminoids and other nitrogenous organic compounds, this formation being 
hastened and increased by addition of permanganate (Wanklyn's process). Fusion with 
fixed alkalies transforms all the nitrogen of organic bodies into ammonia. 

a, NH4OI + 8OI3 = NCI3 + 4H01 

6. 8NH, + sola = 6NH4OI + Na 

2NH4OI + 301a = 8H01 + Na 

c. 2NH, + la = NH4I + NHal 

d. 6NH4OH -f- dia = 5NH4I + NH4IO, + 8HaO 

e. 6NH4OH + 4HaMna08 = 3NH4NO, + 8MnO(OH)a + 5HaO 

/. HON 4- EOH + HaO = NH. + EOHOa (formate) 

46. Heat vaporizes the carbonate, and the haloid salts of ammonium, 
nndecomposed ; decomposes the nitrate with formation of nitrous oxide and 
water, the phosphate and borate with evolution of ammonia, and other salts 
with various products. 

47. Ammonium compounds impart to the fiame a faint and evanescent 
violet color. 

LITHIUM = 7.0073. 

Specific gravity, 0.5936 Melting point, 1^0"" G. (356° F.) (Bunsen). 

48. Occurrence. — It is a sparingly but widely distributed metal. Usu- 
ally prepared from lepidolite, triphylene, or petalite. Traces are found in a 
great many minerals, in mineral springs, and in the leaves and ashes of 
many plants — e.g,, coffee, tobacco, and sugar-cane. 

49. Preparation. — Salts of the metal were prepared in 1817, and in 1855 
Bunsen and Matthies-^en isolated it in considerable quantities by electrolysis. 
It is the lightest metal known ; harder than i)otassium and sodium, but 
softer than lead. It is volatile at a red heat in an atmosphere of liydrogen ; 
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oxidizes in moist but not in dry, cold air. When thrown upon water, rapid- 
ly forms the hydroxide, but does not burst into aflame like sodium and po- 
tassium. 

60. Oxide and Hydroxide. — It forms one oxide (LiaO) by heating the 
metal in oxygen or dry air ; cheaper by the action of heat upon the nitrate. 
The corresponding hydroxide (LiOH) is made by the action of water upon 
the metal or its oxide ; cheaper by heating the carbonate with calcium 
hydroxide. 

61. Solubilities. — The chloride, chlorate, and many other salts, are very 
deliquescent. The carbonate, phosphate, and silico-fluoride are only spar- 
ingly soluble in water ; the other salts of lithium are freely soluble in water, 
and nearly all soluble in alcohol. 

62. Reactions of Lithium Salts. — Lithium salts are more fusible and 
more easily decomposed by fusion than the corresponding potassium and 
sodium salts. 

63. Sodium phosphate, Na,HPO^, precipitates trimetallic lithium phos- 
phate, LijPO^, soluble in 2,530 parts water ; more soluble in solutions of 
ammonium salts (distinction from magnesium), but much less soluble in 
strong solution of ammonia. In dilute solutions the precipitate forms only 
after boiling; and addition of sodium hydroxide to alkaline reaction in- 
creases the delicacy of the test, forming a double phosphate of sodium and 
lithium (0. Rammelsblrg : Ann. Fhys. Chem. [2], 7, 157). Its solution 
in hydrociiloric acid is not at once precipitated by ammonium hydrate in 
the cold (distinction from alkaline earth metals); and the blow-pipe bead 
of lithium phosphate, with soda, is transparent (that of alkaline earth 
metals being opaque). 

64. Nitrophenic acid forms a yellow precipitate, not easily soluble in 
water. 

66. Compounds of lithium impart to the flame a carmine-rerf color, ob- 
soured by sodium, but not by small quantities of potassium compounds. 
Blue glass, just thick enough to cut off the yellow light of sodium, trans- 
mits the red light of lithium ; but tlie latter is intercepted by a thicker 
part of the blue prism, or by several plates of blue glass. 

The spectrum of lithium consists of a bright red band, Li a, and a 
faint orange line, Li /?. The color tests have an intensity intermediate be- 
tween those of sodium and potassium. 

66. Estimation. — After separation from other elements it may be 
weighed as a sulphate, carbonate, or phosphate (LijPOj. It may also be 
estimated by the comparative intensity of the lines in the spectroscope 
(L. Bell : Amer, Chem, Jour., 7, 35). 

57. Oxidation. — When heated it burns in CI, Br, I, S, and in carbon 
dioxide. 
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RUBIDIUM. Ilb' = 85.251. 



58. S recipe gravity y 1.52 (Bunsen). J/e/^m^j[;oiW, 38.5° C. (101.3° F.) 
(Bunsen). 

59. Occurrence. — Widely distribute*! in minute quantities; found in 
lepidolite ; in the ashes of some phmis; in certain mineral springs, from 
which source it was first obtained. 

60. Preparation. — By electrolysis of tlie chloride, also by heating the 
carbonate with carbcjn. 

61. Properties; — A soft, wax-like metal, with a yellowish tint; inflames 
when exposed to the air, but less readily than caesium. It bursts into a 
flame when thrown upon water ; burns when brought in contact with 
gaseous CI, Br, I, S, and As. 

62. Oxide and Hydroxide. — Rb^O is supposed to be formed when ru- 
bidium burns in oxygen, but it is not yet proven. The corresponding 
hydroxide (RbOH) is formed when rubidium is oxidized by water, or more 
cheaply by treating its carbonate with calcium hydroxide. 

63. Reactions of Rubidium Salts. — Its sfalts are nearly all soluble. Pla- 
tinic chloride (PtClJ precipitates PtRb^Cl,, soluble in 157 parts of water at 
100° C, or 649 parts at 10° C. Tartaric acid precipitates rubidium hydrogen 
tartrate (RbHC^H^O^), soluble in 84 parts of water at 25° C. The spec- 
trum shows two characteristic lines in the violet, Rb a and Rb /?, also two 
others in the red, Rb d and Rb y. The spectrum reaction is so delicate that 
0.002 mgrm. may be detected (Bunsen). 



CJESIUM. Cs' = 132.583. 

64. Specific gravity, 1.88 (Setterberg). Melting point, 20° to 27° C. 

(SETTERnEKG). 

65. Occurrence. — Found in the mineral pollux, and in the water of 
some spring.s. 

66. Preparation. — By electrolysis of the caesium and barium cyan- 
ides. Its reduction by carbon has not yet been accomplished (Setter- 
berg). 

67. Properties. — The metal is silver- white, and soft at ordinary tem- 
peratures ; oxidizes quickly in the air, and takes fire when thrown on water 
(Setterberg). 

68. Oxide and Hydroxide. — The oxide formed by burning caesium in 
oxygen is supposed to be Cs,0. The corresponding hydroxide is formed 
when caesium is oxidized by water, but prepared cheaper by treating the 
carbonate with calcium hydroxide or the sulphate with barium hydrox- 
ide. 
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69. Reactions of Caesium Salts. — Nearly all caesium salts are soluble. 
Platiiiic chloride precipitates Cs^PtCl^ in octahedral crystals, soluble in 265 
parts of water at 100° C, and in 2,000 parts at 10° C. Stannic chloride 
precipitates Cs^SnClg, insoluble in strong hydrochloric acid, but soluble in 
water. Antimonous chloride precipitates CsSbCl^, completely separating 
it from all other alkalies (Crooke's Select Methods^ page 26). Its spectrum 
consists of two bright blue lines almost coincident with the strontium blue 
line. 

MAGNESIUM. Mg" = 23.959. 

70. Specific gravity. 1.75 (Deville). Melting point, about 500° C. 
(932° F.) (DiTTE). Volatilizes at about 1100° C. (2507° F.) (Ditti:). 

71. Occurrence. — Magnesite (MgCO,), dolomite (CaMg(C03)J, bl'ucite 
(Mg(OH) J, epsom salts (MgSOj, and combiued with other metals in a great 
variety of minerals. 

72. Preparation. — (1) By electrolysis of the chloride. (2) By heating 
the chloride with potassium or sodium. 

73. Properties. — A white, hard, malleable, and ductile metal ; not acted 
upon by water or fixed alkali hydroxides at ordinary temperatures, and only 
slightly at 100° C. Soluble in acids and in ammonium chloride. 

(4NH,C1 + Mg = (NHj^MgCl, + 2NH3 + Hj 

74. Oxide and Hydroxide. — Only one oxide of magnesium (MgO) 
is known with certainty. Formed by burning the metal in the air, and by 
action of heat upon the hydroxide, carbonate, nitrate, sulphate, oxalate, an<l 
other magnesium salts decomi3osable by heat. The corresponding hydrox- 
ide (Mg(OH) J is formed by precipitating magnesium salts with tiie fixed 
alkalies. 

75. Solubilities. —The chloride, bromide, iodide, chlorate, nitrate, and 
acetate {-^ aq.) are deliquescent; the .sulphate {7 aq.), slightly efflorescent. 

The hydroxide, carbonate, phosphate, and arseniate are insoluble in 
water ; the sulphite, oxalate, and tartrate, sparingly soluble ; the chroinate, 
soluble. The hydrate and carbonate are soluble in ammonium salts — ex- 
cept ammonium phosphate. 

76. Beactions of Magnesium Salts. — The fixed alkali hydrates and 
the hydrates of barium, strontium, and calcium, preci[)itate, from magne- 
sium salts in solution, magnesium hydroxide, Mg(OH)2, nearly insoluble in 
water, but solublo in animonium chloride or sul])hate (equation «). 

Ammonium hydroxide precipitates half the magnesium as a hydrox- 
ide, leaving the other half in solution as a double salt of magnesium and 
ammonium (Z>): 

a. iyrg(OH)a + 4NH4CI = (NH4Cl)2MgCl2 4- 2NH4OH 
h. 2MgS04 4- 2NH4OH = Mg(OH)2 + (NH4)2S04MgS04 
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11. Ammonium sulphide forms no precipitate. The normal carbon- 
ates of the fixed alkali metals — as K^COj — precipitate mag^iesium basic car- 
bonate, Mg,(C03)3(OH),, variable to Mg,(CO,)XOH),. Carbonic acid is 
liberated in the formation of this basic salt : 

4]|[gS04 + 4Na300, + H^O = Mg4(003)3(OH)3 + OOq + 4Na3S04 

But in the cold the free CO^ combines with another portion of MgCO, 
to form a soluble supercarbonate : 

5MgS04 + 5Naa003 + H,0 = Mg4(003)8(OH)a + MgOO,.OOa + 5NaaS04 

On boiling, the supercarbonate is precipitated as MgCO, with escape of 
CO,. 

78. Ammonium carbonate scarcely precipitates magnesium salts, ex- 
cept in concentrated solutions, owing to the formation of a soluble double 
carbonate of magnesium and ammonium : 

MgS04 -h 2(NH4)a003 = Mg008(NH4)a008 + (NH4)2S04 

79. Alkaline phosphates — as Na^HPO^ — precipitate magnesium phos- 
phatey MgHPO^, if the solution be not very dilute. But even in very di- 
lute solutions, by the further addition of ammonium liydroxide (and 
NH^Cl), a crystalline precipitate is slowly formed, magnesiitm ammonium 
2)hosphate — MgNH^PO^. Stirring with a glass rod against the side of the 
test-tube promotes the precipitation. The addition of ammonium chloride, 
in this test, prevents formation of any precipitate of magnesium hydrate 
(76 a). The precipitate dissolves in 15,000 parts pure water, or in 44,000 
parts of water containing ammonium liydrate. 

80. Alkaline arseniates^as Na,HAsO^ — ^act with magnesium salts in 
all respects like the phosphates, giving corresponding precipitates. / 

81. In the dry way, the only characteristic test for magnesium is the 
pale rose color, obtained by igniting, then moistening the compound with 
solution of cobalt nitrate, and again igniting strongly on charcoal. The 
color is more apparent on cooling, is not intense, and is prevented by pres- 
ence of many other bases. The spectrum of magnesium, as well as the 
ppectra of most of the metals yet to be described, cannot be obtained by 
means of the flame, in which their compounds are not volatile. To obtain 
them, recourse must be had to the electric si)ark. 

82. Estimation. — After removal of other metals magnesium is preci- 
]>itated as MgNH^PO^, then changed by ignition to Mg^P^O, (magnesium 
jiyrophosphate) and weighed as such. 

83. Oxidation. — Burns brilliantly in the air, giving a light of high ac- 
tinic power useful in photoo^raphy. It precipitates the free metals from 
solutions of Sb, Mn, Bi, Pe, Zn, Cd, Tl, Sn, Pb, Te, Co, Ni, Cu, Ag, 
Pt, Pd, Au. 
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84. Alkaline Earth Metals. — Barium, Ba"^ 136. 763. Strontium, 
Sr" = 87.374. Calcium, Ca" = 39.99. 

85. Comparative View. — Magnesium belongs to the fifth group, and is 
not usually classified as an alkaline earth ; but on account of its close re- 
semblance it is discussed in the following paragraphs. 

86. Like the alkali metals, Ba, Sr, and Ca oxidize rapidly in the air at 
ordinary temperatures — forming alkiiline earths — and decompose water with- 
out the aid of an acid, forming hydroxides; also these hydroxides arc 
formed, with evolution of heat, when the oxides are brought in contact 
with water. Mg oxidizes rapidly in the air when ignited, decomposes water 
at 100° C, and its oxide — in physical properties unlike the alkaline earths 
— slowly unites with water without sensible production of heat. As com- 
pounds, these metals are not easily oxidized beyond their quantivalence as 
dyads, and they require very strong reducing agents to restore them to the 
elemental state. 

87. In basic poioer, Ba is the strongest of the four, Sr somewhat stronger 
than Ca, and Mg much weaker than the other three. It will be observed 
that the solubility of their hydroxides varies in the same decreasing grada- 
tion, which is also that of their atomic weights ; while the solubiliiy cf 
their sulphates varies in a reverse order, as follows : 

88. The hydroxide of Ba dissolves in about 20 parts of water ; that of 
Sr, in 60 parts ; of Ca, in 700. parts ; and of Mg, in 6,000 parts. The s^d- 
pUate of Ba is not appreciably soluble in water; that of Sr dissolves in 
7,000 parts ; of Ca, in 400 parts ; of Mg, in 3 parts. To the extent in 
which they dissolve in water, alkaline earths render their solutions caustic 
to the taste and touch, and alkaline to test-papers. 

89. The carbitnateSy 7iormal phosphates, silicates, and some other snlts^ 
of these four metals, are insoluble in water (as are those of the bases of 
the first three groups). Magnesium carbonate is soluble in ammonium 
salts, whereby its precipitation with the other three is prevented. Cal- 
cium oxalate and barium chromate are insoluble (see table for Group 
IV.); the oxalates of barium, strontium, and magnesium, and the chro- 
mate of strontium, are sparingly soluble ; chromate of calcium freely sol- 
uble. 

In qualitative analysis, the group-separation of the fourth-group metals 
is eifected, after removal of the first three groups of bases, by precipitation 
with carbonate in presence of ammonium chloride, after which magnesium 
is precipitated from the filtrate, as phosphate. 

90. The hydroxides of Ca, Sr, and Ba, in their saturated solutions^ 
necessarily dilute, throw down, from solutions of salts of the metals of the 
first three groups and of Mg, thin, precipitates of hydrates of the latter 
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which precipitates are not soluble in excess of the precipitants. In turn, -I 

the fixed alkalies precipitate, from solutions of Ba, Sr, Ca, and Mg, r 

fio much of the hydroxides of these metals as does not dissolve ii. I 

the water present ; but ammonium hydroxide precipitates only Mg, 
and this but in part, owing to the solubility of Mg(OH)j, in ammonium 
salts. ! 

91. Solutions containing Ba, Sr, Ca, and Mg, with phosphoric , oxalic. ] 
boracic, or arsenic acid, necesijarily have tiie acid reaction, as occurs in dis- 
solving phosphates, oxalates, etc., with acids; such solutions are precipi- 
tated by atnmoninm hydroxide or by any agent wliich neutralizes tlie solu- 
tio!i, and, consequently, we liave precij^itates of this kind in the third 
group. 

CaCl, -f H3PO, H- 2NH,OH = CaHPO, + 2NH,C1 + 2Hp 

CaH,(POj, -+- 2NHPH = CaHPO, + (NHj^HPO, + 2H,0 
If excess of the ammonium hydroxide be added the precipitate is 
Cag(POj2. In the case of a magnesium salt the precipitate is MgNH^PO^ 

92. The carbonates of the alkaline earth metals are dissociated by )ieai 
leaving metallic oxides and carbonic anhydiide. This occurs with diflSptilty 
in the case of Ba, Sr, and Ca; with readiness in the case of Mg ; hence 
ignition of the carbonates of Ba, Sr, and Ca causes them to present the 
alkaline reaction to a slip of moistened litmus-paper. 

93. Compounds of Ba, Sr, and Ca (preferably with HCl) impart charac- 
teristic colors to the non-luminous flame, and readily present well-defined 
spectra. 

BARIUM. Ba" = 136.763. 

94. Specific gravity y 3.75 (Kern). Melting point, 475° C. (887° P.) 
(Van der Weyde). Not volatile at a red heat. 

95. Occurrence. — Found chiefly in heavy spar (BaSOj and witherite 
(BaCOj. 

96. Preparation. — (I) By electrolysis. (2) Eeduction by potassium 
or sodium. 

97. Properties. — A silver-white (Davy) or yellowish-white (Bunsen) 
metal ; ductile, malleable ; oxidizes rapidly m the air and in water. 

98. Oxides and Hydroxide. — The oxide, BaO, is formed by the action 
of heat upon the hydroxide, carbonate, nitrate, oxalate, and alj its organic 
salts. The corresponding hydroxide, Ba(OH)3, is made by treating the 
oxide with water ; is soluble in 20 parts of water at 15° C, and in 2 parts 
at 100° C. The peroxide (BaOj is made by heating the oxide almost to 
redness in oxygen, or air which has been freed from carbon dioxide ; by heat- 
ing the oxide with potassium clilorate (Liebig) or cu pric oxido (Wank- 
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It is used as a source of oxygen, which it gives off at a white heat, BaO 
remaining ; also in the manufacture of hydrogen peroxi«le, H^O^, wluch is 
formed by treating it with dilute acids. 

(BaO, + 2HC1 = BaCl, + H,Oj 

99. Solubilities. — Most of the soluble salts of barium are permanent; 
the acetate is efflorescent. 

The chloride, bromide, iodide, sulphides, ferrocyanides, nitrate, chlorate, 
acetate, and p/ienylsulphate, are freely soluble in water; the carhfij^dey 
sulphate^ sulphite, chromate, phosj^hate, oxahite, iodate, and silico-fluoride, 
are insoluble in water. The chloride is almost insoluble in strong hydro- 
chloric acid ; likewise the nitrate in strong hydrochloric and nitric acids. 
The ciiloride and nitrate are insoluble in alcohol. s>- 

100. Reactions of Barium Salts. — Barium may be separated frbin other 
alkaline earth metals by precipitation as chromate (105), and by its 
closer precipitation as sulphate (104). The latter precipitation is a sharp 
distinction from all other metals except lead, strontium, and calcium, and 
is the operation most used in quantitative analysis of barium and of su.l- 
phates. 

101. The fixed alkali hydroxides precipitate only concentrated solutions 
of barium salts, as explained by the statement in 88. 

102. The alkali carbonates — as K^COg and (NHJ^CO, — precipitate, 
from barium salts in solution, barium carbonate (BaCOj), white. The pre- 
cipitation is promoted by heat and by ammonium hydroxide, but is made 
slightly incomplete by the presence of ammonium chloride and nitrate. 

103. Barium Carbonate- -BaCOs — is a valuable reagent for special purposes, chiefly 
for separation of third-group metals. It is used in the form of the moist precipitate, 
which must be thoroughly washed. It is best precipitated from boiling solutions of chlo- 
ride of barium and carbonate of sodium or ammonium, washed once or twice by decanta- 
tion, then by filtration, till the washings no longer precipitate solution of nitrate of sil- 
ver. Mixed with water to consistence of cream, it may be preserved for some time in 
stoppered bottles, being shaken whenever required for use. When dissolved in liydro- 
chloric acid, and fully precipitated by sulphuric acid, the filtrate must yield no fixed 
residue. 

This reagent removes sulphuric acid (radical) from all sulphates in solution to which 
it is added (104). 

NaaS04 + BaOOa = BaS04 + NasCO* 
When salts of non alkali metals are so decomposed, of course, they are left insoluble, 
as carbonates or hydrates, nothing remaining in solution: 

FeS04 + BaOOa = PaSO* + FeCOs 
Fea(S04)8 4- SBaOOa + 3HaO -- 3BaS04 4- Fe2(OH)6 4- SOOa 
The chlorides of the double triads of the third group, namely. alumi>iic^ chromic, and 
ferrif. chlorides, are di'composed by barium carbonate: while the other metals of tlie 
third group, zinc, manganese, cobalt, nickel, and iron in ferrous combination, are not 
precipitated from their chlorides by this reagent. But tartaric acid, citric acid, sugar, 
and other organic substances, prevent the decompositions by carbonate of barium. 
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104. Sulphuric acid (H^SOJ, and all soluble sulphates, liiecipitate ha- 
riicm sulphate (BaSOJ, white [j^'^^y slightly soluble in hut concentrated sul- 
phuric acid. Immediate precii)itation by the (dilute) saturated solution of 
calcium sulphate distinguishes Ba from Sr (and of course from Ca); but 
precipitation by the (very dilute) solution of stroutium sulphate is a more 
certain test between Ba and Sr. 

105. Normal chromates, as K^CrO^, precipitate barium salts (also, 
strontium salts in solutions not very dilute); the yellow precipitate, BaCrO^, 
being almost insoluble in water, slightly soluble in acetic acid, but soluble 
in hydrochloric and nitric acids, and moderately soluble in chromic acid. 
(SrCrO^, also yellow, is a little more soluble in water than the barium salt.) 
Bichromates (as K^Cr^O^) precipitate barium, as normal chroma te, from 
the acetate, in solution not dilute (but do not precipitate strontium). 

106. Soluble phosphates, full metallic, or two-thirds metallic, as 
Na^HPO^, precipitate barium phosphate, white, consisting of BaHPO^ 
when the reagent is two-thirds metallic, and Ba,(POJj when the reagent 
is full metallic. 

107. Oxalates, as (NHJ^C^O^, precipitate barium from solutions not 
very dilute ; as BaC^O^, somewh.it soluble in oxalic and acetic acids. 

108. Hydro-fluosilicic acid, H^SiF^, precipitates white, crystalline Ba 
SiPg, slightly soluble in water, not soluble in alcohol (distinction from 
strontium and calcium). 

109. Solutions of iodates, as NalO,, precipitate, from barium solutions 
not very dilute, barium iodate, Ba(I03)2, white, soluble in 600 parts of hot 
or 1,746 parts of cold water (distinction from the other alkaline earth 
metals). 

110. Barium compounds impart to the flame a yellowii<h green color, 
which appears blue-green when viewed through green glass. 

111. The spectrum of barium is at once distinguished from all others 
by the green bands, Ba a, Ba /? ; Ba ;^ is less distinct but more char- 
acteristic. 

112. Estimation. — Barium is weighed as a sulphate, carbonate, or a sili- 
co-fluoride (BaSiPj. It is separated from strontium and calcium : (1) By 
digestilig the mixed sulphates at ordinary temperatures for 12 hours with 
ammonium carbonate. The calcium and strontium are thus converted into 
carbonates, which are separated from the barium sulphate by dissolving in 
hydrochloric acid. (2) By hydro-flnosilicic acid. The hydrate and carbon- 
ate are also determined by alkalimetry. One part of a volumetric process 
recommended depends upon the separation by potassium dichromate in ex- 
cess of ammonium hvdroxide (Crooke's Select Methods, page 45). 
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STRONTIUM. Sr" = 87.374. 

113. Specific gravity, 2.4 (Franz). Melts at a red heat (Franz). 

114. Occurrence. — Strontium occurs chiefly iu strontianite (SrCO,) 
and in celestine (SrSOj. 

115. Preparation. — First isolated in 1808 by Davy. Is made by elec- 
trolysis ; also by fusion of the chloride with sodium amalgam. 

. 116. Properties. — A white (Davy) or faintly yellow metal (Fuanz). 
It is malleable and ductile ; somewhat harder than lead; oxidizes rapidly 
in air and water. 

117. Oxides and Hydroxide.— The oxide (SrO) is formed by burning 
the metal in the air ; also by igniting the hydroxide, carbonate, nitrate, 
oxalate, and all organic strontium salts. The hydroxide is formed by ac- 
tion of water on the oxide. The peroxide, SrO,, is made by treating the 
hydroxide with hydrogen peroxide (Sr(OH), + H,0, = SrO, -f ^H^O). It 
cannot be made, like tiie corresponding barium peroxide, by heating the hy- 
droxide with oxygen or potassium chlorate (Brodie). 

118. Solubilities.— The chloride is slightly deliquescent; crystals of 
the nitrate and acetate effloresce. 

In solubility most compounds of strontium closely resemble those of 
barium (99) — the hydrate being a little less soluble, and the sulphate and 
chromate more soluble, in water than the corresponding barium compounds, 
and the silico-fluoride quite soluble (see 88). The chloride is soluble, the 
nitrate insoluble, in alcohol absolute. 

1 19. Reactions of Strontium Salts. — The fixed alkalies precipitate, from 
concentrated solutions, strontium hydroxide (Sr(OH)J, soluble in 60 parts of 
water. 

Strontium is identified, in the fourth group, after removal of barium, by 
precipitation witli calcium sulphate solution (121) ; also, quite clearly, by 
the flame-color and spectrum (122, 123). 

120. By its deportment with carbonates, phosphates, and oxalates, 
strontium is not to be distinguislied from barium ; the differing reactions 
of the two metals with sulphates, chromates, and hydro-fluosilicic acid 
are compared under the head of Barium. Strontium sulphate is soluble in 
400 to 500 parts of concentrated nitric or hydrochloric acid. 

121. Saturated solution of calcium sulphate (CaSOj slowly produces a 
faint precipitate of SrSO^, prevented or dissolved by presence of hydro- 
chloric and nitric acids, but insoluble in alcohol. It is almost insoluble in 
a concentrated solution of ammonium sulphate, which separates it from 
CaSO^. 

122. Strontium compounds color the flame crimson. In presence of 
barium the crimson color appears at the moment when the substance, moist- 
ened with hydrochloric acid, is first brought into the flame. The paler, 
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yellowish-red flame of calcium is liable to be mistaken for the strontium- 
flame. 

123. The spectrum of strontium is characterized by eight bright bands 
— namely, six red, one orange, and one blue. The orange line, Sr a, at the 
red end of the spectrum ; the two red lines, Sr ft and Sr y, and tlie blue 
line, Sr 6^ are the most important. 

124. Estimation. — Strontium is weighed as a sulj)hate or a carbonate. 
The carbonate may be determined by alkalimetry. It is separated from 
calcium by the insolubility of its sulphate in ammonium sulphate. It is 
separated from barium as stated in 112. 

CALCIUM. Ca" = 39.99. 

125. Specific gravity^ 1.57 (Bunsen). Melts at a bright red heat 
(Matthiessen). 

126. Occurrence. — Found in the mineral kingdom as a carbonate in 
marble, limestone, chalk, and arragonite ; as a sulphate in gypsum, selen- 
ite, alabaster, etc.; as a fluoride in fluor-spar ; as a phosphate in apatite, 
phosphorite, etc. It is found as a phosphate in bones ; in egg-shells and 
oyster-shells as a carbonate. It is found in nearly all spring and river 
waters. 

127. Preparation. — By electrolysis ; also by fusion with sodium amal- 
gam or with an alloy of sodiu n an«l zinc. 

128. Properties* — Calcium is a pale yellow metal, softer than zinc, but 
harder than tin and lead. It is malleable and ductile ; may be kept for 
several days in dry air without oxidation, but rapidly oxidizes in moist air 
and in water. 

129. Oxides and Hydroxide. — The oxide, CaO, is formed by oxidation 
of the metal in air ; by ignition of the hydroxide, the carbonate (limestone), 
nitrate, oxalate, and all organic acids. Its usefulness when combined with 
sand, making mortar, is too well known to need any description here. The 
corresponding hydroxide, Ca(OH)2 (sUiked lime), is made by treating the 
oxide with water. The peroxide, CaO,, is made by addinor hydrogen perox- 
ide to the hydroxide (Ca(OH), -f H,0, = CaO, -h 2H,0). It cannot be 
made by heating the oxide in oxygen or with potassium chlorate (Brodie). 

130. Solubilities. — The chloride, bromide, iodide^ nitrate, and chlorate 
are deliquescent ; the acetate is efBiorescent. 

131. The carbonate, oxalate, and phosphate are insoluble in water; the 
hydrate, sulphate, sulphite, and iodate are slightly soluble in water (88), 
but are insoluble in alcohol. The chloride, iodide, and nitrate are soluble 
in alcohol. The fcrrocyanide is soluble, the potjjssio-ferrocyanide ins(» u- 
ble, in wafer. 

132. Beactions of Calcium Salts. — The fixed alkali hydrates jirecipi- 
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tate calcimn hydrate, Ca(OH)2, from solutions of calcium salts not very 
dilute. The precipitate is less soluble in solution of potassium or sodium 
hydrate, and more soluble in solution of ammonium hydrate than in pure 
water. 

133. In their deportment with soluble carbonates (precipitation of 
CaCOj) and witii alkaline phosphates (precipitation of CaHPO^ or 
Cag(POjJ, solutions of calcium cannot be distinguisjhed from solutions of 
strontium and barium (102, 106). 

134. Sulphuric acid and soluble sulphates (not calcium sulphate) pre- 
cipitate CaSO^ from calcium salts, in moderately concentrated solutions. 
The precipitate is distinguished from barium and strontium sulphates by 
dissolving in concentrated solution of armnonium sulphate. 

135. Alkaline oxalates, as (NHj^C^O^, precipitate calcium oxalate, 
CaCgO^, from even dilute solutions of calcium salts. The precipitate is 
scarcely at all soluble in acetic or oxalic acids (separation of oxalic from 
phosphoric acid), but is soluble in hydrochloric and nitric acids. The pre- 
cipitation is hastened by presence of ammonium hydrate. Formed slowly, 
from very dilute solutions, the precipitate is crystalline, octahedral. If Sr 
orBa are possibly present in the solution tested, an alkaline sulphate must 
first be added, and after digesting a few minutes, if a precipitate ap- 
pears, SrSO^, BaSO^, or, if the solution was concentrated, perhaps CaSO^, it 
is filtered out, and the oxalate then added to the filtrate. Observe the pre- 
cipitate formed by ammonium oxalate in the reagent solution of calci- 
um sulphate. Ignition of CaC^O^ changes it first to CaCOg, then to CaO, 
giving alkaline reaction to test-paper. 

136. Xeutial alkaline sulphites, as ISra^SO,, i)recipitate CaSOg, nearly 
insoluble in water, soluble in hydrochloric or nitric acid, and in sulphurous 
acid. This reaction is common to the alkaline earths. 

137. Alkaline arsenites precipitate, from neutral calcium solutions, 
calcium arsenite, CaHAsO,, soluble in acids and in ammonium hydrate. 
'J'he precipitate forms slowly. Other alkaline earth metals are not precipi- 
tated by arsenites, unless in concentrated solutions. 

138. An ammoniacal solution of arsenious acid gives a precipitate of 
calcium arsenite in neutral calcium salts. Under similar circumstances ba- 
rium and strontium give no precipitate. 

139. Compounds of calcium, preferably the chloride, render the flame 
yellowish red. The presence of strontium or barium obscures this reaction, 
but a mixture containing calcium and barium, moistened with hydrochloric 
acid, gives the calcium col6r on its first introduction to the flame. 

140. The spectrum of calcium is distinguished by the bright green line, 
Ca /?, and the intensely bright orange line, Ca a, near the red end of the 
fipectrum. 

141. Estimation. — Calcium is weighed as an oxide, carbonate, or sn^- 
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phcite. The carbonate is obtained by precipitating as oxalate, and gently 
igniting the dried precipitate. The sulphate is precipitated in a mixture of 
two parts of alcohol to one of the solution. 

The best method of separation from strontium,^ is to treat the nitrates 
with a mixture of equal volumes of alcohol and ether. The calcium nitrate 
dissolves, but not more than one part in 60,000 of the strontium is found in 
the solution. For other methods of separation from barium and strontium 
see 112 and 124. 

SEPABATION OF THE FOURTH-GROUP METALS. 

142. Barium, strontium, calcium, and magnesium may be completely precipitated 
together, either as carbonates or as phosphates ; but a precipitate of phosphates would be 
intractable in further operations, owing to the difficulty of removing the non-volatile 
phosphoric acid. Hence, they are precipitated as carbonates, and this could be done by 
any alkaline carbonate ; but the necessity for subsequent examination for fixed alkali 
metals restricts us to ammonium carbonate. Now, this reagent but imperfectly preci- 
piiates magnesium, and from this difficulty, and also because magnesium is more easily 
separated from alkali metals than from metals of tlie fourth group, the ordinary scheme 
of separation provides for the precipitation of Ba, Sr, and Oa, by ammonium carbonate 
in presence of ammonium chloride, so as to leave Mg either with the fifth group, or as a 
distinct division of the fourth group. 

143. The precipitation of barium, strontium, and calcium by ammodium carbonate 
in the presence of chloride, is not as complete as would be desirable in very delicate 
analyses. For the carbonates of barium, strontium, and calcium are all slightly soluble 
in ammonium chloride solution; and while the prescribed addition of ammonium hydrate, 
and excess of ammonium carbonate, greatly reduces the solubility of the precipitated 
carbonates, yet even with these the precipitation is not absolute, though more nearly so 
with strontium than with barium and calcium. Thus, in quantitative analyses, if barium 
and calcium are precipitated as carbonates, it must be done in the absence of ammonium 
chloride or sulphate, and the precipitate washed with water containing ammonium 
hydrate. 

144. But a more accurate precipitation of barium is effected by sulphates, and of 
calcium by oxalates, and these tests may be applied to portions of the filtrate from the 
precipitation by carbonates, or of the liquid that has given no precipitate by carbonates. 
Also, the complete removal of barium and calcium is not only a test for traces of these 
two metals, but it enables us to accept a slight precipitation of phosphate afterwards as 
conclusive evidence of the presence of magnesium (unless lithium be present). This pre- 
cautionary work, done after the ordinary work for barium, strontium, and calcium, may 
be tabulated as follows : 

Divide the filtrate from the fourth group into three portions. 

Test in I. for Ba with a drop of H3SO4, leav- Test in II. for Oa with (NH..)vC,04, leaving 

ing 8ome time. eome time. 

K both Ba and Ca appear, mix I. and n. ; let the mixture stand ; filter and test the filtrate for Mfir by 
Ka,HP04 and NH4OH. 

If either Ba or Ca appears, filter it and test the filtrate for Mgr. 
If neither Ba nor Ca appears, test portion III. for Mgr. 

145. The solution of calcium sulphate can be used to distinguish between barium, 
strontium, and calcium, provided that but one metal of the group is present, and that the 
solution be at least moderately concentrated, and not notably o^id. 
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146. The unlike solubilities in alcohol, of the chlorides and nitrates of barium, 
strontium, and calcium enable us to separate them quite closely by absolute alcohol, and 
approximately by ** strong alcohol," as follows: 

Dissolve the carbonate precipitate in HCl, evaporate to dryness on the water- bath, 
rub the residue to a fine powder in the evaporating dish, and digest it with alcohol. Fil- 
ter through a small filter, and wash with alcohol. 



Residue, BaCls. 
Dissolve in water, test with CaS04, 



Filtrate SrCla and CaCla. 

Evaporate to dryness, dissolve in water, change to nitrates by pre- 
cipitating with (XH4)aC08, washing, and dissolving in HNOg. 
Evaporate the nitrates to dryness, powder, digest with alcohol, filter 
and wash with alcohol. 



Residue, Sr(NOi)2. 

Precipitation by CaS04 in wa- 
ter solution ; flame test, etc. 



Filtrate, Oa(N08)a. 

Precipitation by H2SO4 in alco- 
holsolution; by (XH4)3Ca04,etc. 



147. Or, the alcoholic filtrate of SrCla and CaCla may be precipitated with (a drop 
of) sulphuric acid, the precipitate filtered out and digested with solution of (NH4)9S04 
and a little NH4OH. Residue^ SrS04. Solution contains CaS04) precipitable by 
oxalates. 



SEFAHATION OF MAGNESIUM FHOM THE ALKALI METALS. 

148. By ignition on platinum foil, magnesium compounds do not vaporize, as do those 
of ammonium, nor melt, as do many compounds of fixed alkalies. Magnesium is the 
only one of these metals precipitated by ordinary salts — viz., by phosphates, carbonates, 
and hydroxide. 

149. The presence of magnesium slightly impairs the delicacy of thQ flame-test for 
the fixed alkali metals, and entirely prevents their recognition or separation by precipita- 
tions. Phosphate of ammonium will remove magnesium from solution ; but, after eva- 
porating the filtrate and igniting its residue, the phosphoric acid remains— combined 
with the fixed alkali metals, if they are present. Thus: 

(NH4)2HP04(excessof reagent), ignited — HPO3 4- 2NHs H- H2O, and 
2(NH4)aHP04 + 4KC1, on ignition = K4P3O, +. 4NH4OI + H3O 
The residual phosphates of the alkali metals, when moistened with hydrochloric acid, 
give the flame-tests, but the residue of phosphoric acid obstructs the analysis. The phos- 
phoric acid may be removed by acetate of lead, and the excess of lead by hydrosulphuric 
acid. 

150. A more convenient method of removing magnesium is to precipitate it with 
solution of barium hydrate, and filter, and remove the excess of barium hydrate from 
the filtrate by addition of sulphuric acid, filtering again. 
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GROUP m. 



161. The Metals of the Earths, and the more Electro-Positive of the 

Heavy Metals. 



Aluminium Al = 27.009 

Chromium Or = 52.009 

Iron Fe = 55.913 

Manganese Mn = 54.855 

Cobalt Oo = 58.887 

Nickel Ni = 57.928 

Zinc Zn = 64.9045 

Uranium Ur = 238.482 

Indium. : In = 113.398 

Beryllium Be = 9.085 

Thorium Th =232.020 

Zirconium Zr = 89.367 

Cerium Oe =140.424 

Lanthanum La = 138.019 



Didymium D 

Titanium Ti 

Tantalum Ta 

Niobium Nb 

Yttrium . . Y 

Erbium E 

Vanadium V 

Decipium Dp 

Gallium Ga 

Samarium Sm 

Scandium Sc 

Terbium Tr 

Thallium Tl 

Ytterbium Yb 



142.121 
= 47.'J8a 
= 1S2.I44 



88.900 
165.871 

51.256 
171. ? 

68.584 
149.801 

43.9S0 
148.5 
203.715 
172.761 



152. The metals above named gradually oxidize at their surfaces m the 
air, and their oxides are not decomposed by heat alone. Zinc, iron, cobalt, 
nickel, and, with more diflSculty, manganese, chromium, and most of the 
other metals of the group, are reduced from their oxides by ignition at white 
heat with charcoal. They are all reduced from oxides by the metals of 
the alkalies. Iron is gradually changed from ferrous to ferric combina- 
tions by contact with the air. Chromium and manganese are oxidized 
from bases to acid radicals by ignition with an active supply of oxygen \\\ 
presence of alkalies; these acid radicals acting as pretty strong oxidizing 
agents. 

153. The oxides and hydroxides of third-group metals are insoluble in 
water, hence they are precipitated from all their salts by alkalies. In the 
case oi zinc, the precipitate" red issolves in all the alkalies ; the aluminium 
hydroxide red issolves in the fixed alkalies, but very slightly in ammonium 
hydroxide ; the precipitate of chromium redissolves in cold solution of fired 
alkalies, precipitating again on boiling ; the hydroxides of cohalt and nichel 
dissolve in ammonium hydroxide. The oxides of Al, Cr, and Fe, after ig- 
nition, are difficultly soluble by acids. 

The presence of tartaric acid, citric acid, sugar, and some other organic 
substances, prevents the precipitation of hase^i of this group by alkalies. 

154. Salts of ammionium (as NH^Cl) dissolve moderate quantities of 
the hydroxides of manganese, zinc, cobalt, nickel, and ferrous hydroxide; 
but, so far from dissolving the hydroxide of aluminium, they lessen its 
slight solubility in ammonium hydroxide. 

155. It thus appears that ammoniumi hydroxide, with ammonium 
chloride, the latter necessary on account of magnesium, manganese, and alu- 
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minium, will fully precipitate only aluminium, chromium, and ferricum 
of the important metals named in third group. lu many plans of separa- 
tion these three metals constitute a separate group, and we shall refer to 
them as Division First of the group. 

156. Ammonium sulphide precii)iLatesa// the metals of the third grou]) 
from neutral or ammoniacal solutions, as follows : The sulphides of the 
group — those of Pe, Mn, Co, Ni, and Zn — are soluble in dilute acids, which 
acids keep them in solution during the second group precipitation ; but are 
insoluble in water, which enables them to be precipitated .by alkaline sul- 
phides, and separated from the fourth and fifth groups. The other two 
metals, Al and Cr, do not form sulphides, in the wet way, but are precipi- 
tated as hydroxides by alkaline sulphides. 

157. Hydrosulphuric acid scarcely precipitates the metals of this 
^roiip, unless it be from some of their acetates — owing to the solubility of 
the sulphides in the acids, which would be set free in their formation. 
Thus, this change cannot occur — 

Feci., + HsS = FeS + 2HC1 

— because the two products would decompose each other. Therefore, neu- 
tralized hydrosulphuric acid — a soluble sulphide — is employed for this 
group, and in a neutral or ammoniacal solution. As most of the chemically 
normal salts of heavy metals have an acid leaction to test-paper, we can 
only assure ourselves of the requisite neutrality by adding sufficient ammo- 
nium hydroxide, which itself precipitates the larger number of the bases, 
as we have just seen (153). But the resulting precipitate of hydroxide, as 
Fe(OH),, is immediately changed to sulphide, PeS, by subsequent addition 
of ammonium sulphide ; as the student may observe, by the alteration in 
the color of the precipitate. 

Ferric and ir^anganic salts are reduced to ferrous and manganous salts, 
by hydrosulphuric acid, in solution, with a precipitation of sulphur, and 
the corresponding reaction occurs with chromates. 

158. Soluble carbonates precipitate all the metals of this group, in ac- 
cordance with the general statement for bases not alkali. With aluminium 
and chromium, the precipitates dissolve sparingly in excess of potassium or 
sodium carbonate; with zinc, the precipitate dissolves in excess of ammo- 
nium carbonate. In the case of ferrous and manganous salts, the precipi- 
tates are normal carbonates ; with zinc, cobalt, and nickel salts, they are 
basic carbonates ; while with ferric, aluminic, and chromic salts, the pre- 
cipitates are almost or quite wholly hydroxides. Barium carbonate precipi- 
tates the pseudo-triads, which, in the coll and from salts not sulphates, is a 
separation from the other bases of this group. 

159. Soluble phosphates precipitate these as they do other non-alkali 
ba«es. The acid solutions of phosphates of the metals of the third group 
are precipitated by neutralizjjtion. The recently-precipitated phosphates. 
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of all the metals of this group which form sulphides, are transformed to sul- 
phides by ammonium sulphide : 

FeHP04 + (NH4)aS = FeS + (NH4)2HP04 
Hence, the only phosphates which may occur in a sulphide precipitate 
are those of Al, Cr, Ba, Sr, Ca, and Mg. 

* 160. The metals of the third group are not easily reduced from their 
compounds to the metallic state by ignition before the blow-pipe, even on 
charcoal, except zinc, which then vaporizes. Three of them, however — 
iron, cobalt, and nickel — are reducible to magnetic oxides. The larger num- 
ber of them give characteristic colors to beads of borax and of microcosmic 
salt, fused on a loop of platinum wire before the blow-pipe. None of them 
color the flame or give spectra, unless vaporized by a higher temperature 
than that of Bunsen's burner. 

ALUMINIUM. Al = 27 .009. 

161. Specific gravity, 2.583 (Mallet). Melting point about 700° 0. 
(1292° F.) (Heeren). 

162. Occurrence. — Is not found in nature. Is found in corundum, 
ruby, and sapphire, as nearly pure Al^O, ; in diaspore (A1^03(0H),) ; in 
bauxite (A1,0(0H) J ; in felspar (K,Al,SiO,); in cryolite (Na,Al,F^J. As 
a silicate in all clays and in very many minerals. It is widely distributed, 
constituting about one-twelfth of the earth's crust. 

163. Preparation. — (1) By electrolysis of the fused NajAl^Cl^. (2) By 
fusion of cryolite or the chloride with Na or K. (3) By heating Na^Al^Cl^ 
with zinc, with which it forms an alloy from which the zinc is driven off by 
a white heat. (4) By fusion of the chloride with potassium cyanide. 
(5) By fusing Al^S, with iron. A great many new methods have been 
l)atented. Its alloys, especially that with copper, promise extensive use- 
fulness. 

164. Properties. — A tin-white metal ; after fusion about as hard as 
silver, after hammering about as hard as soft iron ; very malleable, very 
ductile, and very sonorous. Its tenacity is nearly equal to that of copper. 
It conducts electricity eight times better than iron (Deville). The pure 
metal remains untarnished in the air. Impure specimens become coated 
with a film of oxide. 

165. Oxide and Hydroxide. — Al^O, is formed by heating the hydrox- 
ide, nitrate, ncetate, or other organic salt. It is insoluble in acids after 
ignition, but may be dissolved after fusion with KHSO^ or Na^CO,. 
Al^(OH), is formed when aluminium salts are precipitated with cold am- 
monium hydroxide. A1,0(0H)^ is formed if the precipitation is made at 
100° C. 

166. Solul:jiliti9s.— The chloride and bromide are deliquescent and in- 



Aluminium, 41 



stable. The iodide is known only in solution, the cyanide is not known, 
the acetate is deliquescent. Aluminium is the most representative con- 
stituent of that large class of isomorphous double salts, called alilms, per- 
manent or slightly efflorescent, as KA.l(SOj3.12 aq,, or K3Alg(SOj^.24 uq. 
The oxidCy hydroxide, and phosphate are the principal insoluble com- 
binations. Existence of the carbonate is doubtful. The sulphide, made 
only by heat in the dry way, is decomposed by water. Most insoluble salts 
of aluminium are changed to soluble compounds by action of fixed alkali 
hydroxides. In analysis, aluminium is obtained in the First Division of 
Group III., by precipitation, by excess of ammonium hydroxide, with am- 
monium chloride ; then separated from the other members of the First 
Division by solution with excess of potassium or sodium hydrate (167). 
Excess of fixed alkali hydrate in boiling solution leaves only aluminium and 
zinc, of the third-group metals, dissolved, and it is separated from zinc, by 
non-precipitation with sulphides, and by precipitation with excess of am- 
monium hydrate. 

167. Beactions of Aluminium Salts. — The alkali hydroxides precipi- 
tate alumiimnn hifdroxide, grayish- white, gelatinous,' Al,(OH)g, soluble in 
fixed alkali hydro cides, slightly soluble in ammonium hydroxide, though 
not so if ammonium chloride be present : 

AlaCl« 4- 6KOH - Ala(OH)« -h 6KC1 
Ala(OH)8 + 2KOH = KaAlaO** + 4HaO 

This aliviiliiie solution of aluminium differs from that of zinc, both in 
not being ar. all precipitated by boiling, and in being precipitated by excess 
of am'nonium chloride, more readily when heated : 
K^AUO, -h 2NH4OI 4- 4HaO = Ala(OH)« + 2KC1 + 2NH4OH 

Sufficient ammonium chloride must be added, first to salify the free po- 
tassium or sodium hydroxide. 

Hydrosulphuric acid does not precipitate aluminium from any com- 
bination ; but ammonium sulphide precipitates the aluminium hydroxide, 
Al^{OH.)^, with evolution of hydrosulphuric acid (156): 

Ala(S04)8 + 3(NH4)aS + 6HaO = Ala(OH)« + 3(NH4)aS04 + 3HaS 

168. Alkali carbonates also precipitate the hydroxide with evolution of 
carbonic anhydride — the precipitate being sparingly soluble in excess of so- 
dium or potassium carbonate, scarcely at all soluble in excess of ammonium 
carbonate : 

Ala(S04)i + 3K3CO3 + 3HaO = Al2(OH)e + 3K2SO4 + 3COa 

Barium carbonate, on digestion in the cold, precipitates the whole 
of aluminium from its chloride, as hydroxide mixed with a little basic 
salt. 

* Or AlaOa^'OK^^. A series of volumetric determinations, made by Mr. J. N. Ayres and the author 
iJonr. Am. Chem. Soc.^ Feb.. 1880), give results according closely with this formula for potassium alu- 
minate, and Nat{Al304 for sodium aluminate— as fixed by the constituents of the solutions when the preci- 
pitates are held dissolved by least excess of alkali. 
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Basic acetate of aluminiuyn is precipitated as follows: To the solution 
of aluminium salt add a little sodium or ammouiuui carbonate, as much as 
can be added without leaving a. precipitate on stirring, thun add excess of 
sodium or ammonium acetate, and boil for sonie time, when tiie precipi- 
tation at length becomes very nearly complete. 

169. Alkali phosphates precipitate ahnniuium phosphate, white, Al^- 
(POj„ soluble iu the fixed alkali h^'droxide-, not in acetic acid. 

To separate AX from PO4, fuse the precipitate or powdered substance with \% parts 
finely divided silica and 6 parts dried sodium carbonate in a platinum crucible, for halt' 
an hour. Digest the mass for some time in water; add ammonium carbonate in excess, 
filter and wash. The residue consists of aluminium sodium silicate; the solution con- 
tains the PO4, as sodium phosphate. The Al can be obtained from the residue by dis- 
solving it in hydrochloric aoid, evaporating to dryness to render the silica insoluble. 
Treat with hydrochloric acid, and filter; the filtrate containing aluminium chloride. 

Also, Al (and ferricum) may be separated from PO4 by dissolving in hydrochloric 
acid, addini? tartaric acid and then ammonia, and digesting some time with the mixture 
of magnesium sulphate^ ammonium chloride, and ammonium hydroxide. The fil- 
trate contains most of the aluminium. 

170. Sodium thiosulphate precipitates, from aluminium salts, in neutral solutions, 
aluminium hydroxide, with free sulplnir, and liberation of sulphurous anhydride {a) 
The liquid should be dilute, and boiled till it no longer gives the odor of sulphur dioxide. 
This precipitation (Chancers) is a separation from iron. If phosphates are present, 
and sodium acetate with acetic acid to acidify slightly, the aluminium is precipitated 
as phosphate, 

a. 2Al2(S04)3 -p ONaaSiOa + 6H,0 = 2Al2(OH)« -h 3Sa 4- 6SOa + eNa^SO* 

Potassium ferrooyaiiida very slowly precipitates a white mixture of aluminium hy- 
droxide and ferroxcs cy tuide with formation of hydrocyanic acid. Ferricyanides do not 
precipitate aluminium; neither do oxalates. Solution of borax precipitates an acid alu- 
minium borate, quickly changed to '/^Amm^l^m hydroxide. In very concpntrated solu- 
tions, addition of potassium sulphate causes the crystallization of alum, potassium alu- 
minium .s\dphatf, in regular octahedrons or cubes. 

171. Compounds of aluminium are not reduced to tlio metal, but most 
of them are reduced to the oxide, by ignition on cliarcoal. If now this 
residue is moistened with solution of oobaltous nitrate, and again strongly 
ignited, it assumes a blue color. This test is conclusive only with infusible 
compounds, and applies only in absence of colored oxides. 

172. Estimation. — Aluminium is invariably weighed as the oxide, after 
ignition. It is separated from zinc as a basic ace*:ite ; from chromium by 
oxidizing the hitter to chromic jicid, by boiling with potassium chlorate and 
nitric acid, or by fusing with KNOg and Na^COg, or by action of CI or Br 
in presence of KOH, and after acidulating with HCl precipitating the alu- 
minium with ammonium hydroxide. It may be sepnrated from iron by the 
thiosulpliate process ; also by precipitation with ammonium sulphide after 
adding tartrate of potassium and excess of ammonium hydroxide (CARJiOT). 
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173. Oxidation. — Pure aluminium does not dissolve in nitric acid. It 
dissolves very slowly in cold sulphuric acid, evolving hydrogen, and if hot 
evolving sulphur dioxide. It dissolves in HCl and in solution of KOH^ 
but molten EOH has no action on it. It reduces solutions of Pb, Ag, Hg^ 
Sn (Bi incompletely), Cu, Cd, Fe, Co, Ni (Zn in alkaline solution onl}), 
Te, Se, Au, and Pt to the metallic state. As becomes AsHg with alkalic s 
and acids, Sb becomes SbHg witli acids, but with alkalies becomes metallic 
antimony. Compounds of Mn having more than two bonds are reduced to 
the dyad. Chromic acid is changed to a chromic compound. It also re- 
duces very many acids. 

CHROMIUM. Cr = 52. 009. 

174. Specific gravity varies, accordi7ig to method of preparatioii, from 
5.9 (Richter) to 7.3 (Bujtsei^). Melting point above that of platinum 
(Deville). 

175. Occurrence. — Not found native. It is found in several minerals. 
Clirome-ironstone or chromite (PeOCr^Og) is the chief ore of chromium, 
and is usually employed in the manufacture of chromium compounds. 

176. Preparation. — (I) By electrolysis of the chloride. (2) By fusing 
the cliloride with potassium or sodium. (3) By ignition of the oxide with 
carbon. (4) By fusing OtJO\ with zinc, using KCl and NaCl as a flux, and 
removing the excess of zinc by dissolving it in nitric acid, which does not 

-dissolve metallic chromium, 

177. Properties. — A light-green, crystalline, and almost infusible pow- 
der. .5 to .75 per cent, renders steel harder and improves its quality. 

178. Oxide and Hydroxide. — Chromous oxide (CrO) has not been 
isolated. The corresponding liydroxide Cr(OH), is made by treating CrCl, 
with KOH. Chromic oxide (Cr^Og) is made by a great variety of metliods, 
among which are fusing the nitrate, or higher or lower oxides and hydrox- 
ides in the air; heating mercnrous ohromate, or the dichromates of the 
alkalies. 

4Hg,CrO, = 2Cr,03 -f 8Hg + 50, . 
(iraj.Cr^O, = Cr,03 + N, -f 4H,0 
4K,Cr,0, = 2Cr,03 -f 4K,CrO, + 30, 

In the last the K^CrO^ may be separated by water. After heating to red- 
ness Cr^Og is insohible in acids. Chromic hydroxide is precipitated by add- 
ing NH^OH to cliromic solutions. That formed by precipitating wuth 
KOBE or NaOH i*erains traces of tiie alkali, not easilv removed by washing. 
In addition to chromic acid (H^CrOj a per-chromic acid, supposed to bo 
HCrO^, is formed when H^CrO^ is treated witli peroxide of hvdrogen 
(H,0,). 

179. Reactions of Chromous Salts. — Cliromous chloride (CrClJ is 



44 Chromium, 

formed by dissolving the metal in HCl, or by gently heating Cr^Cl^ in hy- 
drogen gas. The blue solution formed by treating a solution of CrgCl, with 
zinc contains CrCl, {J, Pr. Cliem , 90, 12). It is a strong reducing agent, 
oxidizing rapidly when exposed to the air. From its solution EOH and 
I^aOH precipitate Cr(OH)j. Precipitates are formed by NHpH, by solu- 
b'e carbonates, sulphides, sulphites, etc. 

180. Solubilities of Chromic Salts. — There are two modifications of 
chromic salts, one having a green color and the other violet to red. There 
are many double salts. The chloride is deliquescent. 

Cliromic oxide, hydroxide, and phosphate are insoluble in water. The 
carbonate and sulphide are not formed in the wet way. There are modifi- 
cations of the chloride and sulphate insoluble in water. In analysis, chro- 
mium is precipitated in the third group as a hydroxide, and identified by 
the oxidation of this hydroxide to a salt of chromic acid, known by its col- 
ored precipitates with lead and barium salts. It is separated in the First 
Division of the group. 

181. Heactions of Chromic Salts.— The fixed alkali hydroxides, as 
£OH, i)recipitate the bluish-green chromic hydroxide, Cr,(OH),. Other 
hydroxides are formed in certain conditions. The precii)itate redissolves 
readily in excess of the alkalies while cold, the green solution being K^Cr^O^. 

Long boiling reprecipitates the whole of the chromium, as hydroxide ; 
the same result is effected on heating by addition of ammonium chloride. 
(Compare 167, last equation.) 

Ammonium hydroxide precipitates chromic hydroxide, which but 
slightly redissolves with excess of the alkali in the- cold and all reprecipi- 
tates readily on heating. The precipitate from solutions of green chromic 
salts is grayish green, dissolving with acids to form a green solution again ; 
from solutions of violet chromic salts the precipitate is grayish-blue, dis- 
solving with acids to reproduce the violet solution. The tints are, how- 
ever, modified by the degree of concentration of solution, and by other con- 
ditions. 

182. Hydrosulphuric acid does not affect solutions of chromic salts, 
whether acid, neutral, or alkaline, and ammLonium sulphide ])recipitates 
the hydroxide with evolution of hydrosulphuric acid. The equation corre- 
sponds to that for aluminium (167). 

Both hydrosulphuric acid and ammonium sulphide, acting on Chromic 
Acid or chromates, abstract oxygen and form the chromic base. In the 
neutral solution for the third-group precipitation this deoxidation leaves 
the chromium in the precipitate as a hydrate ; whence it is that the occur- 
rence of chromium in the third group of bases, as frequently as otherwise, 
must he referred to the existence of combinations of chromic acid in the 
material ex:i mined. (See 104 a.) 

183. Alkali carbonates precipitate chromium hydroxide, nearly free 
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from carbonate, somewhat soluble in excess of potassium or sodium car- 
bonate : 

Cr2(S04)3 + 3K2CO3 + 3HaO = br2(OH)6 + 3K2SO4 4- 300a 
Barium carbonate precipitates chromium from its solutions (better from the chloride) 
as a hydrate with some basic salt, the precipitate being complete after long digestion in 
the cold. For removal of excess of reagent, add HaS04 and the filtrate will contain the 
chromium as a sulphate. 

184. Soluble phoaphateB— as Na^HPOi — precipitate ch/romic phosphate, Or^{POi)i^ 
insoluble in acetic acid. Cyanide of Potassium precipitates the hydroxide. Ferrocy- 
anides, and oxalates, cause no precipitates. Potassium chromate colors an acid solu- 
tion of chromic salt brown-yellow ; on addition of ammonium hydroxide, a precipitate of 
the same color is obtained, chromic chromate. (Maus) Pogg. Ann. 9, 127. 

Ora(S04)8 4- 5KaOr04 = Ora02Cr04 + 2KaCra07 -h 3K8SO4 

185. Chromic oxide and chromic salts dissolve in beads of microcos- 
mic salt, and of borax, before the blow-pipe, in both reducing and oxidiz- 
ing flames, with a yellowish-green tint while hot, becoming emerald-green 
when cold. 

186. Estimation. — Chromium is weighed as an oxide. Itisbroughr 
into this form either by precipitation as a hydroxide and ignition, or bv 
simple ignition. It may, however, be clianged to a chromate, and esti- 
mated as such. 

187. Oxidation. — Metallic chromium does not dissolve in HNOg, but 
quickly dissolves in HCl, forming CrClg, which is a strong reducing agent, 
changing HgCl, to Hg,Cl„ CuSO^ to Cu, SnCl, to Sn, etc. 

Chromic compounds in alkaline mixture are oxidized to chromates by 
reducing PbO, to PbO, Ag,0 to Ag, Hg,0 and HgO to Hg, CuO to Cu,0,. 
K^Mn^Og to MnO, ; also by 01, Br, and I forming a chloride, bromide, or- 
iodide. A chromate is formed when, in the presence of Na^OOg, any chro- 
mic compound is fused with KNO3, KOIO3, KBrOj, or KIO3 ; NO and ;i. 
chloride, bromide, or iodide being produced. 

CHROMIC ACID. 

188. Chromic anhydride, Cr03, commonly called ^^ chromic acid," is a 
scarlet-red solid, usually in acicular crystals, very deliquescent in the aii-. 
and soluble in a small proportion of water. It is a very powerful oxidizing 

'agent, acting explosively with combustible substances, and as a caustic to 
living tissues. Its soluble salts are poisonous, and have a bitter metallic 
taste. 

189. The alkali metals form yellow normal chromates and reddish di- 
chromates; most other metals form normal chromates, yellow or red ; a 
few form only basic or instable chromates. Most soluble salts of chromic 
acid crystallize in permanent forms ; sodic normal chromate is eflSorescent. 

190. All the chromates of the alkali metals, and those of magnesium. 
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calcium, zinc, and copper, are soluble in water ; strontium and mercuric 
cliromates sparingly soluble ; barium, manganous, bismuth, mercurous,. 
silver, and lead cliromates insoluble in water. Nitric acid transposes chro- 
mates. 

191. Lead salts [)recipitate, from normal and from superchromates, the 
yellow, lead chro matey PbCrO^, slowly soluble in nitric acid, not soluble in 
acetic acid, difficultly soluble m potassium hydrate. 

192. Barium salts precipitate from solutions of normal chromates, also 
from concentrated solutions of superchromates, the normal barium chro- 
mate, yellow, soluble in hydrochloric and nitric acids, slightly soluble in 
chromic acid (105). 

193. Silver salts precipitate silver chromatey Ag8Cr04, dark red, soluble in nitric 
acid and in ammonia. Merourous nitrate precipitates mtrcurous chromate, Hg^CrOi, 
dark red, decomposeil by ignition into cliromic oxide, oxygen, and vapor of mercury 
(178). 

194. Chromic anhydride and chromates are DEOXIDIZED TO CHROMIC com- 
pounds by various reducing agents 'i'he following instances occur frequently in quali- 
tative analysis : other examples are given, in tlie study of Chromate reduction;*. 

Hydrosulphuric acid, in acid solutions, quickly causes reduction to a green chromic 
salt solution (a). At first the sulphur is all precipitated, white in the green liquid ; but 
oti warming, it slowly dissolves by oxidation to sulphurous acid, with precipitation of 
brown basic chromate {b), the action being continued, with slow oxidation of the sul- 
phurous acid {e) [II. B. Parsons]. Ammonium sulphide, in solutions neutral or alkaline, 
precipitates chromic hydrate, green, with oxidation of the sulphide. The precipitate is 
liable to contain sulphur. In case of yellow or supersulphide of ammonium, it . is stated 
that thiosulphate is obtained in the solution {d), 

a, 4HaOr04 + 12HC1 -h 6H2S = 2CraCl6 4- 38, -h 16HaO 

. h. 12H2Cr04 + 38^ = 4Cra020r04 + OHaSOs + 6HaO 

c. 2H,Cr04 + 3H28O3 = Cra(804)3 + SH^O 

d, KaCraOT + (NH4)a82 + 4HaO = Ora(OH;e + K28aO, + 2NH4OH 

195. By ignition on charcoal the carbon deoxidizes chromic anhydride, 
fiec or combined, and Vi green vias>^, Cr^O,, is left. Chromates give, in the 
beads, the results described for chromic base in 185. For a more complete 
statement of the oxidizing action of this acid see under chromic acid. 
Part II. 

IRON. Pe = 55.913. 

196. Specific gravity variable ; reduced by electricity 8.1393 (Smith) ; 
by hydrogen 8.007 (Schiff); by carbon 7.130 (Playfair). Melting-point, 
gray cast, 1275° C. (2327° F.) (Ledebur); cast steel, 1375° C. (2507° F.) 
(Bloxam). 

197. Occurrence. —Native iron is rarely found except in meteorites. 
The chief ores of iron are red hematite or specular iron ore (Pe^Oj), brown 
hematite (2Fe,03 . 3H,0), magnetic iron ore (Fe,Oj, iron pyrites (PeSj, 
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spathic iron ore (PeCOg), clay iron-stone (FeCOj with clay), black band 
(PeCOj mixed wiili bituminous matter). 

198. Preparation. — Pure iron is not usually found in the market. It 
is made : (1) by electrolysis ; (2) by heating its i)urified salts with hydrogen; 
(3) by heating the purified salts with some form of carbon ; (4) in metal- 
lurgy it is made from the ores, and the reducing agent is coal, charcoal, 
and, more recently, natural gas. 

199. Properties. — Pure iron is the most tenacious of all the metals ex- 
cept cobalt and nickel. It softens at a red heat, may be welded at a white 
heat, but above the melting point is brittle under the hammer. Finely di- 
vided iron burns in the air when ignited: When made by (2) it is a very 
fine powder, and if made at as low a temperature as practicable, it takes fiie 
spontaneously when exposed to the air. Steel contains from 0.2 to 1.5 per 
cent, of carbon, while cast iron contains from 2 to 5 per cent. Pure iron 
is attracted by the magnet, but does not retain its magnetism. Permanent 
magnets are made of steel. All the ordinary i)roperties of iron are too well 
known to need any description. 

200. Oxides and Hydroxides. — Ferrous oxide (FeO) is made from 
Fe^Oj by heating it to 300° C. in an atmosphere of hydrogen ; also by heat- 
ing PejCjO^ to 160° C, air being excluded. It takes fire spontaneously in 
the air, oxidizing to Fe^Oj. Ferrous hydroxide, Fe(OH)3 is formed by pre- 
cipitating ferrous salts with KOBE or NaOH, perfectly white when pure, 
but frequently green from partial oxidation. Ferric oxide, FejOg, is formed 
by heating FeO, Fe(OH)2, or any ferrous salt consisting of a volatile or 
organic acid in the air ; more rapidly by heating "FQ^iOH.)^^ Ye^^NO^^, or 
"FeJiBO^^. Ferric hydroxide is formed by precipitating cold dilute ferric 
salts with alkalies or alkali carbonates, and drying at 100° C. If EOH or 
NaOH is used, the precipitate requires longer washing than when NH^OH 
is employed. Ry increasing the tempex*atureand concentration of the solu- 
tions the following definite compounds may be formed : Fe,0,(0H)3, 
Fe,0(0H),, Fep,(OH),, Fe,03(0H),, Fep,(OH),„ (hexaferric-tetroxide- 
dekahydroxido). FegO, is slowly formed by heating FeO or Fe.O, to a 
white heat. Its corresponding hydroxide may be made by precipitation. 
Feci, + Fe^Cl, + 8NH,OH = Fe3(OH), -h 8NH,C1. Fe3(OH), when 
heated to 90° C. forms FegO,. The black color and magnetic properties 
show that it is a chemical salt and not a mechanical mixture of FeO and 
Pe.Og. (FeJ^'^ acts as an acid towards thoFe" ; this oxide, FegO,, or FeFe,0„ 
may be called ferrous forrite. Other ferrites have been formed — e.^., cal- 
cium ferrite, CaFe,0, (Percy) ; MgFe,0^ and BaFe^O^ (List, Ber. 1878, 
lol2); zinc ferrite. ZnFe,0^ (Ebelmen). Com])are potassium aluminaie 
(K,AipJ, and potassium c^romite (K,Cr,Oj (167 and 181). 

201. Ferric Acid, H,FeO,, and its anhydride (FeOg) have not been iso- 
lated. Potassium ferrate (K^FeOj is made (1) by electrolysis ; (2) by leatin : 
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iron filings, PeO or Pe^Og, to a red heat with ENTO, ; (3) by heating 
Fe2(OH), with potassium peroxide K^O^ ; (4) by passing CI or Br into a so- 
lution of 5 parts of EOH in 8 parts of water in which Fe5,(OH),, is suspend- 
ed ; the temperature should be not above 50° C. (122 F.) it has a purple 
color; is a strong oxidizing agent. It slowly decomposes on standing 
(4K,PeO, + 10H,O = 8KOH + 2Fe,(OH). + SO,). With barium salts it 
precipitates a stable barium ferrate (BaPeOj. 

202. Solubility of Iron. — Iron dissolves, in hydrochloric acid, and 'in 
dilute sulphuric acid, to ferrous salts, with liberation of hydrogen (a); con- 
centrated cold H^SO^ has no action, but if hot SO^ is evolved and a ferric 
salt formed (b) ; in moderately dilute nitric acid, with heat, to ferric ni- 
trate, liberating chiefly nitric oxide (c); in cold dilute nitric acid, forming 
ferrous nitrate with production of ammonium nitrate (c?), of nitrous oxide 
(e), or of hydrogen (/): 

= FeS04 

= Fe2(S04)8 

= FeaCNOs)^ 

= 4Fe(NO,)a 

= 4Fe(NOs)a 

= Fe^N03)a 

In dissolving the iron of commerce in hydrochloric acid the carbon 
which it always contains, so far as combined in the carbide of iron, will 
pass off in gaseous hydrocarbons, and so far as uncombined will remain un- 
dissolved, as graphitoid carbon. / 

Iron acts as a base in 4*^o kinds of salts : the ferrous and the ferric ; 
both are stable, in considerable variations of temperature, when undis- 
turbed by other substances ; but the ferrous compounds are changed to fer- 
ric by contact with the air, and by oxidizing agents generally ; while the. 
ferric compounds are permanent in the air, but are changed to ferrous com- 
binations by reducing agents. In the systematic course of analysis, by the 
treatment necessary in separation from other metals, the ferric compounds 
are reduced to ferrous compounds, and then, by air and by reagents, par- 
tially or wholly changed to ferric compounds again, and the original sub- 
stance must always be tested for determination, whether ferrous or fer- 
ric. The metal oxidizes in moist air to tetraferric-trioxide-hexahvdrox- 
ide, Pe^03(0H),,. By ignition in the air, chiefly ferrous oxide is formed, 
but by a long-continued white heat POgO^ is formed, see (200). Scale ox- 
ide is (PeO),Pe,03. 

203. Solubilities of Perrons Salts. — PBRROUS salts, in crystals and 
in solution, have a light green color. The oxide is bhick ; the salts slightly 
redden litmus. The sulphate (7 rtq,) is e^orescent; the chloride, bromide, 
iodide, and citrate are deliquescent ; the hydrate, chlorate, and sulphite are 
especially instable. 

The hydroxide, oxide, carbonate, stdpliite, pho^pliate, borate, oxalate. 
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cyanide^ iQwoo^^mdiQ, ferricyanide, tartrate, and tannate are insoluble in 
water. In analysis, ferrous compounds are identified as ferruus by their 
blue precii)itate with ferricyanide (208); and, as iron, by the red solution 
which, after oxidation, they form with sulphocyanate. 

204. Reactions of Ferrous Salts. — The alkali hydrates piecipitate 
ferrous hydroxide, Fe(OH)„ white if pure, btit seldom obtained ^j^jficiently 
free from ferric hydrate to be clear white, and quickly changing, in the 
air, to ferroso-ferric hydroxide, of a dirty-green to black color, then to fer- 
ric hydroxide (212), of a reddisli-brown color. The fixed alkalies adhere to 
this precipitate. Ammonium chloride or sulphate, sugar, and many or- 
ganic acids, to a sliglic extent, dissolve the fierrous hydrate or prevent its 
formation (^mpare 154). 

205. The soluble carbonates precipitate, from purely^ferrous solutions, 
ferrous carbonate, PeCO,, white if pure, but soon chan^ng, in the air, to 
the reddish-brown ferric hydrate (212). ^ 

206. Hydrosulphuric acid does not disturb ferrous salts — the acetate 
being only slightly precipitated, as explained in 157. Ammonium sul- 
phide precipitates ferrous sulphide, FeS, black. The moist precipitate is 
slowly converted, in the air, to ferrous sulphate ; and afterward to basic 
ferriBpulphate, Yep^^O^^. 

2w. Alkali phosphates — as Na^HPO^— precipitate two-thirds metallic 
ferrous phosjyhate, FeHPO^, mixed with the full-metallic salt, Fe3(Bpj2, 
white to bluish-white. By the addition of an alkali acetate, the precipitate 
is obtained of full-metallic phosphate exclusively : 

3FeS04 4- 2NaaHP04 + 2NaOaH802 = Te^{lPO^)i + SNaaSO* H- 2HO,H,Oa 

208. Cyanides — as KCN — give a yellowish-red precipitate, chiefly fer- 
rous cyanide, soluble in excess of the reagent ; the solution constituting 
potassium ferroc^^inide. 

Ferrocyanidel^ — as K^Fe(CN)g — precipitate potassium-ferrous ferrocy- 
anide, K3FeFe(CJ(r)g (Everitt's salt), bluish-white, insoluble in acids. This 
is converted tc^^-ussian blue (217), gradually by exposure to the air, imme- 
diately by oxidizing agents : 
4KaFeFe(ON)6 + O^ + 4H01 = Fe4(Fe(ON)6)8 + K4Pe(ON)6 + 4K01 -h 2HaO 

Ferricyanides— as K,Fe,(CN)j,— precipitate (even from dilute solutions) 
ferrous ferricyanide, Fe3Fe,(CN)j„ dark blue, insoluble in acids. This 
important test reveals the presence of traces of ferrous salt, i7i ferric solu- 
tions. For this purpose the solution must be dilute, as stated at 217, and 
the original solution always employed, because the oxidation of iron is al- 
tered by chemical operations. 

Alkali hydroxides decompose the precipitates above named : with po- 
tassium ferrous ferrocyanide, forming alkali ferrocyanide and ferrous h}-- 
droxide ; with ferrous ferricyanide, forming alkali ferricyanide and ferrous 
hydroxide : 
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KaFeFe(ON)e 4- 2KOH = K4Fe(ON)fl + Fe(OH)a 
Fe,Fe«(ON)ia 4- 6EOH = K6Fea(ON)i, + 3Fe(OH), 

SiUphocyanates give no reaction with ferrous salts. 

209. Oxiilic acid and oxalates precipitate ferrous oxalate, FeC,0^, 

yellowish-white, crystalline, sparingly soluble in boiling water, decomposed 
by mineral acids not too dilute. 

210. Tanniilfacid, and tincture of gallaj8%ith conce7itrated solutions of 
purely ferrous salts, give a white gelatinous precipitate of ferrous tannate, 
which is quickly oxidized by exposure to the air to blue-black ferric tan- 
nate — long used for writing ink. 

211. By ignition and in beads before the oxidizing flame of the blow- 
pipe ferrous salts give the s;ime reactions as ferric (220). 

212. Solubilities of Ferric Salts. — ^FERRIC salts form solutions hav- 
ing a brownish yellow color, and reddening litmus. Most soluble ferric 
salts are deliquescent. Ferric oxide, in powder, is reddish -brown ; in native 
crystal, steel-gray. It is soluble in hydrochloric acid, not very readily, but 
much quicker than in other acids. 

The hydroxide, oxalate, phosphate, ferrocyanide, tannate, gall ate, bo- 
rate, and sulphite are insoluble in water. The chloride is soluble in alcohol 
and in ether ; the sulphate is soluble in alcohol, a separation from ferrous 
isulphate. Ferric carbonate is not formed, and ferric sulphide is not formed 
in ordinary conditions of wet analysis. In analysis, ferric compounds are 
identified by the red solution tliey form with sulphocyanate, and distin- 
guished from ferrous forms by not causing a blue precipitate with ferricy- 
anide (217). Ferricum is seiiarated in the First Division of Group III., 
with the other pseudo-triads. 

213. Reactions of Ferric Salts. — The alkali hydroxides precipitate 
ferric hydroxide, 'FeXOH.)^, variable to 'Fefi^{OH.)^, reddish-brown, insol- 
uble in alkalies or ammonium salts. Salts of fixed alkalies adhere to this 
precipitate with great tenacj^. 

Alkali carbonates — as K,CO, — also precipitate the hydroxide, contain- 
ing traces of carbonate. Regarding barium carbonate, see 219. 

FeaOla + 3K2OO3 + 3H2O = Fea(OH)6 + 6K01 -f- 300^ 

214. Hydrosulphuric acid does not precipitate iron from ferric solu- 
tions ; but reduces tiiem to the ferrous combination, with precipitation of 
sulphur. 

215. Ammonium sulphide precipitates the f err oifs sulphide with free 
sulphur, FeS with S, a reduction of the metal to the condition of a dyad. 
Hence, the ammonium sulphide precipitate contains iron in ferrous condi- 
tion only, 

216. Phosphates — as Na,HPO^ — pi-eci pi tate /err /c phosphate, Fe,(PO^),, 
scarcely at all soluble in acetic acid, but readily soluble in hydrochloric. 
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nitric, and sulphuric acids. Hence, ferric salts which are not acetates ai-e 
precipitated by phosphoric acid with co-operation of alkali acetates (207): 
FeaOla + 2HsP04 4- GNaCsHsOa = Fe2(P04)a + 6Na01 + GHCaHsOa 
In this way phosphoric acid is removed from alkaline earth bases — in so- 
lutions of alkaline earth phosphates, in hydrochloric or nitric acid. 

217. Sohible cyanides-^as KCW — precipitate, from ferric salts, the hy- 
drate, with evolution of hydrocyanic acid («). 1^ 

Perrocyanides — as K^Pe(CN)g — precipitate ferricferrM/anide, Pe^(Pe- 
(CW) J3, Prussian blue, insoluble in acids, decomposed by alkalies (b). Strong 
acids color th^reagent blue, and render the test fallacions ; acetic acid is 
free from this objection, and addition of potassium acetate enables the test 
to be made in acid solutions. By excess of the reagent the precipitate is 
somewhat soluble to a blue liquid. 

Sulphocyanates— as KCNS — form, in solution, ferric sulphocyanate, 
'Fe^{CNB)^y of a blood-red color so intense that this is an exceedingly deli- 
cate test for iron when in the ferric condition (c). 

The red salt is freely soluble in water, alcohol, and ether, and extracted by ether 
from aqueous solutions ; is decomposed by alkalies, but not by acids. Traces of ferric 
salts are revealed by adding the reagent, slightly over-saturating the mixture with ether; 
the excess of which will rise to the surface, colored by any ferric sulphocyanate, concen- 
trated from the mixture.* The color of the liquid is destroyed by mercuric chloride (d); 
Also by phosphates, borates, acetates, oxalates, tartrates, raceiwtes, malates, citrates, 
succinates, and the acids of these salts. Molybdenum dioxide, also nitric and chloric 
Acids, give red color with the sulphocyanate, removed by heat. To determine the condi- 
tion of iron the original solution only can be used (202). 

Perricyanides — as K^Pe3(C!N"),, — form no precipitate in ferric solutions, 
but give a green, or, in some proportions, brown color to the liquid (e), which 
«hould be diluted until transparent enough to reveal minute portions of 
bine precipitate if ferrous salt is present (208). The addition of stannous 
chloride, SnCl,, or some other strong deoxidiang agent to the mixture of 
ferricyanide, wherein no precipitate is found^onstitutes a delicate test for 
ferric salts. 

Some of the above-named reactions of ferric salts with cyanogen com- 
pounds are defined in the following equations : 

a. FeaOle + 6KON -f 6HaO = FeJtoH)« + 6HON + 6K01 
6. Fe4(Fe(ON)6)8 4- 13KOH = 3K4Fe(ON)« + 2Fea(OH)« 
(Decomposition of K4Fe(ON)6 by acids, see Part TI.) 

c. Fe«01« + 6KONS = Fea(ONS)6 + 6K01 

d. Fea(ONS)6 + SHgOla = 3Hg(ONS)a + Pe.Ole 
«. FeaOlfl + K6Pea(ON)ia = 6K01 + Te^Te^{OV[),^ 

218. The acetates — as NaC^HgO, — ^form, in the cold, a dull red liquid, 
ferric acetate, TeJ^O^^p^^^ not decolorized by mercuric chloride. On boil- 

♦ Natanson, Zeitsch. anab/f. Chem., iii. 370. 
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ing the solution basic ferric acetate is precipitated, finally becoming hy- 
drate. Sulphites give, likewise, a red solution of ferric sulphite, decom- 
posed by boiling.* 

219. Tannic acid — and tincture of galls — precipitate ferric salts blue- 
black, as ferric tannate, the basis of common ink. 

Ammonium Succinate precipitates reddish-brown ferric succinate. 

CarOonates of Ba, Ca, Mg, Mn, Zn, and Cu precipitate ferric liydroxide from the 
chloride even in the cold (leaving barium chloride in solution) : 

FeaCl« + SBaCOa + 3HaO = Fe3(OH)0 + SBaCla + iiSCOa 

The excess of the barium carbonate is filtered out with the ferric hxdroxide, and may 
be separated by addition of sulphuric acid, which changes it to insolubl^arium sulphate, 
and leaves ferric sulphate in solution. If ferrous chloride were in the original solution, 
the barium chloride formed in the reaction may be separated from it, likewise, by addi- 
tion of sulphuric acid. 



220. The larger number of iron salts are decomposed, as solids, by heat ; 
ferric chloride vaporizes, undecomposed, at a very little above 100° C. (212® 
F.) Igiition in the air changes ferrous compounds, and ignition on char- 
coal or by the reducing flame changes -ferric compounds to the magnetic 
oxide, which is attracted to the magnet. 

In the outer flame, the borax bead, when moderately saturated with any 
compound of iron, acquires a reddish color while hot, fading and becoming 
light yellow when m\d, or colorless, if feebly saturated. The same bead, 
held persistently mxhe reducing flame, becomes colorless unless strongly 
saturated, when it sjiows the pale ^ree^a color of ferrous compounds. The 
reactions with microcosmic salt are less distinct, but similar. Cobalt, nickel, 
chromium, and copper conceal the reaction of iron in the bead. 

Ferric compounds, heated briefly in a blue borax bead holding a very 
little cupric oxide, leave the bead blue ; ferrous compounds so treated 
change the blue bead to red — the color of cuprous oxide. 

221. Beoapitulation of Distinctions between Ferric and Ferrous Com- 
pounds : 

Ferric Compounds, Ferr-ons Compounds, 

(1) Ferricyanides. No pre. , sreen color, 217. Deep blue pre. 'Fe^eJ{Q'N)^^, 

(2) Sulphocyanates. Bed sol. 'PqJ{Q'N^)^, No change. 

(3) Ferrocyanides. Blue pre. Pe,(Fe(CN),)3. Pale blue pre. K^PePe(C]S"),. 

(4) Carbonates. Effervescence (213). No effervescence (205). 

(5) Cyanides. 217. 208. 

* Meconic acid and Formic acid form red polutions with ferric salts. Benzoic «cid gives a flesh-coiored 
precipitate; salicylic acid a deep violet color; phenol and creosote, each a blue color; saligenin a bine color; 
and various componnds of the " aromatic group," hydroxyl substitutions in benzine derivatives, give blue to 
violet colors. Morphine, peeadomorphine, and daphnin give the blue color. 
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(6) Reducing agents. 

Hydrosulpli. acid. (Deodorized and S. 

precipitated.) 
Sulphurous acid. (Deodorized.) 

(7) Oxidizing Agents. 

Nitric acid, .... 202 {e) (Brown gas, by heat.) 
Bromine, . *" . . . . (Deodorized.) 
Chlorine water, . . . (Deodorized.) 

222. Estimation of Fe".— (1) By conversion into Pe^O, and weighing 
as such ; (2) by converting it into PeS and weighing as such ; (3) by treat- 
ing with AuCl, and weighing the reduced gold ; (4) volumetrically {a) by a 
^solution of KjMn^Og of known strength, 

(lOPeSOi + KaMnaOe + 8H,804 = 5Fea(S04)s 4- K3SO4 + SMnSO* 4- 8HaO); 
{b) by a solution of K^Cr^O, of known strength, 

(bFeSO* + KaOraO, + THaSO* = 3Fea(S04)3 + KaSO* + Ora(S04)3 + 7HaO), 
the end of the reaction is determined by K^Pe,(K'C),3. 

223. Estimation of {Yq^YK-^{1) It is converted into Pe^O, or PeS, 
and weighed as such ; also (2) volumetrically («) by a solution of sodium 
thiosulphate of known strength 

(FeaOle 4- 2NaaSa03 = 2Fe01a + NaaS406 + 2Na01) 
A few drops of a solution of CuSO^ are added. The CiiBO^ in some manner 
not well understood hastens the reaction j,4^d gives more accurate results. 
The end of the reaction is shown by KCNS ; {h) by a sokition of SnCl, of 
known strength 

(Fea01« + SnOla = 2Pe01a + SnOl*) 

The excess of SnCl, used is determined by a solution of iodine in KI, and 
deducted from the whole amount used ; [c) by a solution gf Cu,Cl, of* 
known strength 

(FeaOla + OUaOla = 2Fe01a + 20u01a) 

A drop of KCNS is first added, and the reduction is complete when the 
color disappears. 

224. Oxidation. — Metallic iron precipitates the free metals from solu- 
tions of Au, Pt, Ag, Hg, Bi, and Cu. 

Solutions of Pe" are changed to (PeJ^fblutions by treating with solu- 
tions of Au'", Ag', Cr^i, Mn^", Mn^^ and H^Oj. In presence of some di- 
lute acid, such as H^SO, or HgPO, by PbO„ Pb,0„ MngO,, MnO„ Mn,0„ 
Cop,, NiPg. The following acids also oxidize Pe" to (PeJ^S HNO^ 
HNO3, HCIO, HCIO,, HCIO,, HjSO, (if concentrated and hot), HBrO, 
HBrO,, HIO3, Br, CI. Br and CI in presence of KOH changes Pe" and 
(PeJ^i to K,PeO,. 

225. (Pe,)^ is changed to Pe" by solutions of Sn", (Cu,)", H3PO,, 
H,PO„ H,S, H3SO,, Na^S^Oj, and HI. . Also by nascent hydrogen, or by 
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any of the metals which produce hydrogen when treated with acids, includ- 
ing Zn, Sn, Cd, Al, As, Sb, Bi, Pb, Cu, and Pe. 

MANGANESE. Mn = 54.855. 

226. Specific gravity 7.14 to 7.20 (Brunner). Melts at the highest heat 
of the blast furnace (Clarke). 

227. Occurrence. — Not found native. Its chief ore ft pyrolusite (MnOj. 
It is also found as braunite (Mn^Og), hausmannite (Mn^Oj, manganiie 
(Mn,0,(OH) J, manganese spar (MnCO,), manganese blende (MnS), and as 
a constituent of many other minerals. 

228. Preparation. — (1) By electrolysis of the chloride. (2) By reduc- 
tion with metallic sodium." (3) By reduction with some form of carbon. 
It has not been reduced by hydrogen. 

229. Properties. — A brittle metal, having the appearance of cast iron ; 
harder than steel, and when mixed with it improves its quality. It oxidizes 
in the air, and must be kept under naphtha. It decomposes water at ordi- 
nary tempeiatures, rapidly when heated. 

230. Oxides and Hydroxides. — Manganous oxide (MnO) represents 
the only base capable of forming stable manganese salts. It is formed (1) 
by simple ignition of Mn(OH)3, MnCOj, or MnC,0^, air being excluded. 
(2) By ignition of any of the higher oxides of manganese with hydrogen in 
a closed tube. If prepared at*as low a temperature as practicable, it is 
a dark gray or greenish gray powder and oxidizes quickly, in the air, to 
Mn^O^. If prepared at a higher heat it is morfe stable. Manganous hydrox- 
ide (Mn(OH)J is formed from manganous salts by precipitation with alka- 
lies. It quickly oxidizes in the air, forming Mn,03(0H)„ thus changing 
from white to brown. 

231. Manganic oxide (Mn^Og) is formed, (1) by heating MnO, TSjufl^. or 
MnO, to a red heat in oxygen gas (Schneider ; Pogg. Ann, 107, 605); (2) 
by heating Mn^OH),, Mn(NO,)2 or any of the higher or lower oxides in the 
air (Fehling's Handhuch der Chemie, 1886, 4, 253). Mn,0,(OH), (di- 
manganic dioxide dihydroxide) is formed (1) by oxidation of Mn(OH), in 
tlie air ; (2) by treating MnO, with concentrated H^SO^ at a temperature 
of about 130° C, forming Mn,f6oj, and then adding wnter, 

Mna(S04^8 4- 4HaO = MnaOalOH), + SHaSO* 
(Carius, 1856, .4 H?i. Ch. Pharm 98, 63). 

232. Trtmangayiese tetroxide (MngOJ is formed Avlien any of the higher 
or lower oxides of manganese or any manganese salts with a volatile acid 
are heated in the air to a white heat. The corresponding hydroxide would 
be Mnj(OH)g; this has not been isola'cd. A corresponding oxide hydrox- 
ide is formed by adding freshly formed and moist MnO, to an excess of 
MnCl,. cont.iiningNH^Cl (Otto, 1855). 
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233. Manganese peroxide (MnOj is formed (1) by lieating Mn(!N"03), 
to 200'' C. (KuHLMANi^, 1874) ; i^Z) by heating MnCO, with KCIO, to 300° 
C. ; (3) by boiling any manganous salt with concentrated HNO, and KClOg. 
A corresponding hydroxide, Mn(OH)^, has not been isolated. Several 
oxide hydroxides— 6.^., MnO(OH)„ Mn,03(OH:)3, Mn30,(0H)„ etc., have 
been produced. 

234. Manganites. — The tetrad manganese (Mniv) sometimes plays the part of an 
acid toward the stronger bases. Potassium manganite, EsMnsOu) is formed by treat- 
ing potassium manganate, EaMn04, with carbon dioxide (Post, 1879 : Ber. 1459). 

15E<)Mn04 + OCOs = EsMnsOu + aEaMnaOg + 9E2COs 

Calcium manganite, (CaMnsOn), has been isolated. EaMn04 with HNO3 or H2SO4, 
or other strong non-reducing acids, forms MnOa, or one of its hydroxides. 

236. Manganese Dioxide, Mn""Oa, constitutes the commercial source of manganese 
and an important oxidizing agent, as Pyrolusite, Salts of this type are not formed, and 
the action of hydrochloric acid with heat slowly dissolves (reduces) the dioxide to man- 
ganous chloride, with evolution of chlorine: 

MnOa + 4H01 = MnOla 4- Ola + 2HaO 

Free chlorine, bromine, and iodine are obtained in accordance with this reaction (or 
some modification of it), and immense quantities of native manganese dioxide are re- 
quired for the liberation of these elements in manufacturing operations. The production 
of chlorine is frequently effected by using sulphuric acid and common salt, instead of 
hydrochloric acid : 

MnOa + 2Na01 + 2HaSqy = MnS04 + NaaS04 + Ola 4- 2HaO 

Oxygen also can be obtained from binoxide of manganese, by action of sulphuric 

acid * 

2MnO, -I- 2HaS04 = 2MnS04 + 2HaO + O3 

Further, regarding Mn"" as an oxidizing agent, see Part II. 

236, Manganates.^ Manganic acid, HaMnvi04j is not known in a free state. The 
corresponding potassium salt, EaMn04, is formed when any form of manganese is fused 
with EOH or EaOOa (1) in the air, see (6) and (c) (249), oxygen being absorbed ; or (2) with 
ENOs or EOIO3, NO or EOl being formed. A manganate of the alkali metals is solu- 
ble in water, with gradual decomposition into manganese dioxide and permanganates : 

3EaMn04 + 2HaO = EaMuaOg + MnOa + 4EOH 

Free alkali retards, and free acids and boiling promote, this change. Manganates have 
a green color, which turns to the red of permanganates during the decomposition inevita- 
ble ir solution. This is the usual method of manufacturing EaMnaOg. 

237. Permangahio Acid is not in use as an acid, but is represented by the perman- 
ganates, as Ea(Mna)xiv08* The permanganic acid radical is at once decomposed ^)y 
addition of strong acids to a solid permanganate, but in water solution this decomposi- 
tion does not at once take place, except by contact with oxidizable substances. The ox- 
idizing power of permanganates extends to a great number of substances, possesses dif- 
ferent characteristics in acid and in alkaline solutions, acts in many cases so rapidly as to 
be violently explosive, and is of such quantity that four parts of the absolute potassium 
salt furnish over one part of oxygen (equation a). 

For the study of Permanganates in oxidation, see Part 11. The reactions with ferrous 
salts (b) and with oxalic acid (c) are much used in volumetric analysis : 

* In perraanganatep, manpanese may be considered as an octad, in the compounds of which two of its 
atoms are held fo each other by one bond of each; the pair having twice seven bonds for other elements, 
and having always an even number of atoms in correctly written formulae. 
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a. SK^MnaOe + 6HaS04 = 4MnS04 + 2E2SO4 + SOa + 6H3O 

h. EaMn^Oe + lOPeOi. + 16H01 = 2Mn01a + 2K01 + 5FeaOl6 + 8H2O 

c. EsMn^Og + SHaOaO* -f- 6H01 = 2MnCl3 H- 8HaO. + lOOOa + 2K01 

238. Permanganates are all soluble in water, silver permanganate being only sparingly 
soluble. The most of them are deliquescent. Their solutions have a deep red color. 
Slight deoxidation may give the green color of manganate. 

239. Manganese is reduced to the manganous condition, from all its other degrees of 
combination, by boiling with hydrochloric acid. In this, its only stable form, it is most 
perfectly identified as manganese, and the various reactions of {a) the manganous base 
in the wet way obtained — 240 and after. 

h. For reactions characteristic of the manganic base, see 251 and after. 

c. If the substance be a black powder, insoluble in water, but dissolving to manganous 
chloride in hydrochloric acid, with evolution of chlorine even in the cold (235), it is 
MnOa, Mn-iOs, Mns04, or a mixture of these or their hydroxides. 

d. If having a jrreen color (236), and being soluble in water with decomposition, etc., 
leaving BilnOa, it is a manganate, representing manganic acid. 

e. If soluble in water to a red color, and, by deoxidation, losing color (and leaving 
manganous base or MnOa), it is indicated as a permanganate (237), representing perman- 
ganic acid. 

240. Solubilities of Manganous Salts. — The chloride- (4 aq.)y bro- 
mide, iodide, and nitrate, are deliquescent ; the sulphate (7 aq,) is efflor- 
escent. 

Manganous oxide, hydroxide, sulphide, carbonate, phosphate, oxalate, 
borate, and sulphite, are insoluble in water. The hydroxide is insoluble in 
alkalies, but soluble in solution of ammonium salts. 

241. — Reactions of Manganous Salts. — In analysis, manganese is iden- 
tified by the oxidation of manganous hydroxide or oxide, to manganate 
(248) or permanganate (248), each recognized by its bright color. As to 
determination of tlie oxidation of manganese, see 239. 

242. The alkali hydrates precipitate, from soluble manganous salts, 
manganous hydroxide, Mn(OH)2, wliite, soon turning brown in the air by 
oxidation to dimanganic dioxide dihydroxide, Mn,0,(OH)j,. 

The precipitate is insoluble in excess of alkali, but — before oxidation — is soluble in 
solution of ammonium salts, by formation of soluble double salts of ammonium and man- 
ganese — ammonio-manganous salts — (corresponding to those of ammonium and magne- 
sium ; compare 76). And hence, ammonium hydroxide precipitates but part of the 
manganese in solution, forming in the reaction a salt of ammonium, which holds the rest 
of the manganese from precipitation. 

The manganic hydroxide is not only insoluble in ammonium salts, but it is formed 
and precipitated from the ammoniacal solution of manganous hydroxide in salts of ammo- 
nium by action of the air. After standing, all the manganese is so precipitated, dark 
brown ; this precipitation by action of the air upon solution in ammonium salt being pe- 
culiar to manganese. As free ammonia facilitates the oxidation of metallic copper and 
of cobaltous salts, it may here promote the oxidation of the manganous compounds; also, 
it neutralizes the acid which would otherwise be set free. 
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243. Hydrosulphuric acid precipitates mangiinoiis acetate but imper- 
fectly, and not in presence of acetic acid, and does not precipitate other 
salts, as maiiganous sulphide is soluble in very dilute acids, even acetic 
acid. Ammonium sulphide precipitates from neutral solutions, and forms 
from the recent hydrate of mixtures made alkaline the flesh-colored man- 
ganous atdphide, MnS. Acetic acid, acting on the precipitated sulphides, 
separates manganese from cobalt and nickel, and from the greater part of 
zinc. 

244. Alkali carhojiBteB ^rec\ pitsbtemanganotis carbonate, MnCO,, white, 
oxidized by the atmosphere to the brown manganic hydroxide (242), and, 
before oxidation, somewhat soluble in solution of ammonium chloride. 

245. Alkali phosphates — as Na^HPO^ — precipitate, from neutral solu- 
tions of manganous salts, normal manganous phosphate, Mn3(POJ„ white, 
slightly soluble in water, and soluble in dilute acids. It turns brown in the 
air. 

The manganous hydrogen phosphate — ^MnHP04 — is more soluble in water, and is 
obtained by crystallization from a mixture of manganous sulphate acidulated with acetic 
acid, and disodium hydrogen phosphate, Na2HP04, added till- a precipitate begins to 
form. From the ammonio-manganese solution (242) phosphates precipitate all the man- 
ganese as ammonium-manganous pho82)hate. 

246. Alkaline oxalates precipitate manganous oxalate, soluble in acids not very 
dilute, and formed with difficulty by addition of oxalic acid. 

247. Soluble cyanides — as ECN — preci[)itate manga notis cyanide, Mn(ON)a, white, 
but darkening in the air, soluble in excess of the precipitant by formation of double 
cyanides — as EsMn(CN)4. This solution, exposed to the air, produces manganicyanides 
^-analogous to ferricyanides — with oxidation of a portion of the manganese : 

12KaMn(dN)4 + 30a + 2H2O = 4K6Mna(ON)ia + 2Mn20a(OH)a 
Ferrocyanides precipitate wliite manganous ferrocyariidej Mn2Fe(ON)6, soluble in 
hydrochloric acid. Ferricyanides precipitate brown mdnganous ferricyanides Mns- 
Fe2(ON)i2, insoluble in acids. 

248. Manganese is most easily and certainly identified through oxida- 
tion, by several methods, each method giving a color-product , 

A small portion of manganous solution, when boiled with nitric acid 
or dilute sulphuric acid and lead dioxide, or PbgO^, is oxidized to per- 
manganic acid, H^Mn^Og, giving a red color to tiie solution when the sedi- 
ment subsides. The oxidation is derived from the lead dioxide, reduced to 
a lead salt. If other reducing agents are present, they also must be oxi- 
dized. The lead dioxide should be used in sucli excess as to leave a black 
sediment. An excess of MnO, niusi; not be mistaken for an excess of 
PbO,. 

249. Ignition with alkali and oxidizing agents, iovm'mgdi bright green 
mass of alkaline mangtfuate, constitutes a delicate and convenient test for 
manganese, in any combination. A small portion of preci])irate or fine pow- 
der is taken. If the mangnnese forms but a small ])art of a mixture to be 
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tested, it is better to submit the substance to the systematic course of anal- 
ysis, and apply this test to the precipitate by alkali, in the third group. A 
convenient form of the test is by ignition on platinum foil with potas- 
sium or sodium nitrate and sodium carbonate (a). Ignition, by an oxi- 
dizing flame, on platinum foil, with potassium hydroxide, effects the same 
result, less quickly and perfectly (b). Ignition by the oxidizing flame of the 
bio W' pipe, in a bead of sodium carbonate, on the loop of platinum wire, 
also gives the green color (c). 

a 8Mn(OH)a + 4KNO3 + NauOOs = 

2K2Mn04 + NasMnO* + 4NO 4- OO2 + 3HaO 

b. Mn(OH)3 + 2KOH + Oa = E2Mn04 + 2HaO 

e. Mii(OH)3 +Naa008+0a = Na3Mn04 -f H2O+ OO, 

250. With beads of borax and microcosmic salt, before the outer blow- 
pipe flame, manganese colors the bead violet while hot, and amethyst-red 
when cold. The color is due to the formation of manganic oxide, the color- 
ing material of tiie amethyst and other minerals, and is slowly destroyed by 
application of the inner flame, which reduces the manganic to manganons 
oxide. 

261. MANGANIC SALTS are somewhat instable compounds, of a reddish-brown 
or purple red oolor, becoming paler and of lighter tint in reduction to the manganous 
combination. The chloride and sulphate are deliquescent. Manganic chloride, MnaCls, 
exists only in solution, which is reduced to MnCla by boiling, also by evaporation to a solid. 
Manganic sulphate— Mna(SO 4)3 — is soluble in dilute sulphuric acid, but is reduced to 
MnS04 by the attempt to dissolve it in water ahme, see 231 ; potassium manganic sul- 
phate and other manganic alums are also decomposed by water. 

262. Hydrosulphuric aoid reduces manganic salts to the manganous combination, 
with precipitation of sulphur. Ammonium sulphide reduces manganic chloride, and 
precipitates manganous sidfhide — MnS — with free sulphur. Alkali hydroxides, car- 
bonates, and barium carbonate^ all precipitate from solution of manganic chloride, man- 
ganic hydroxide, Mn20a(0H)<i. Perrocyanides precipitate gray-green manganic ferro- 
cyanide, Mn4(Pe(ON)«;8. Perricyanides precipitate mangaiic ferri'^ynvide — MnoPe^- 
(ON)ia — brown. When a manganic compound is mixed with aqueous phosphoric acid, 
the solution evaporated to dryness and gently ignited, a violet or deep blue mass is ob- 
tained, from which water dissolves a purple-red mnngnnic hydrogen phosphate, a distinc- 
tion from manganous compounds Simple ignition changes manganic compounds to 
Mns04. In the tests in the dry way, manganic compounds give the same reactions as 
manganous oxide (249). 

253. Estimation. — (1) By converting into MngO^ (see 232), and weigh- 
ing a^ such. (2) By precipitating as a sulphide and weighing after ignition 
in livdrogen. (3) By precipitating as MnNH.PO^, and after ignition 
weigliing as Mn^P^O,. (4) IW addition of K^Pe,(CN),, in presence of 
KOH (and a trace of 'Fe^iO'H.)^, which conrerts the manganese into MnO^, 
and the resulting K^Pe(CN)^ is estimated by 'K^Mn^O^. (5) By treating tlie 
manganons salt with a solution of KjMn,jO, of known strength. If some 



Cobalt. 59 

ZnSO^ is added the action is more satisfactory (Wright and Menke : Jour. 
Chem, Soc^, 1880, 37, 42). 

3MnS04 + KaMnaOs + 2H2O = 5MiiOa + KaS04 + 2H38O4 

254. Peroxide of manganese is estimated (1) by treating with H^C^O^, 
and measuring or weighing the CO, which is produced (246); (2) by boil- 
ing with HCl and estimating the evolved chlorine ; (3) by boiling with 
PbO, and HNO,, and comparing the color with a permanganate solution of 
known strength (Peters : Chem. NewSy 33, 35). A remarkable number of 
other methods liave been recommended. 

255. Oxidation. — Mn" is oxidized to Mn^ in alkaline mixture by Cl> 
Br, I, K,Pe,(OI«')j„ KOlO, KBrO, etc. In presence of HNO3 by PbO,, 
Pb30„ HCIO,, H,Mn,0„ etc. 

256. All compounds of manganese having more than two bonds are re- 
duced to Mn" by H,C,0,, H3PO,, H,S, H.SO,, HCl, HBr, HI, HCNS, 
(Hg,)", Sn", As'", Sb'" (CuJ", Pe", Or", etc. For oxidizing action of 
KjMnO, and K^Mn^Og see Part II. 

I 

COBALT. Co = 58.887. 

257. Specific gravity of powder reduced by hydrogen varies from 8.132 
to 9.495; mean of five samples, 8.957 (Rammelsburg, 1849). Melting 
point above that of gold and below that (f iron (Clarke); 1500° C. (2732^^ 
F.), PiCTET, 1879. 

258. Occurrence. — Cobalt does not occur in a free state, except in me- 
teoric iron. Ii. is found in linnseite (Co,Sj; skutterudite (CoAs,); speis& 
cobalt (CoWiFeAsJ; glance cobalt (CoFeAsSj; wad (CoMnO,2MnO, -h 
4H,0), etc. 

259. Preparation. — (1) By electrolysis of the chloride. (2) By l)eating 
with potassium or sodium (too expensive for commercial production). 
(3) By heating any of the oxides hydroxides or the chloride in hydrogen 
gas. (4) By fusion of the oxalate under powdered glass. (5) Also reduced 
by carbon in various ways. 

260. Properties. — Cobalt in fine powder oxidizes rapidly in the air, and 
when made according to (3) sometimes takes fire spontaneously, like iron 
when reduced by hydrogen. When in a compact mass is permanent in dry 
air, and is only slightly tarnished in moist air. At a white heat it burns 
rapidly. Can be made magnetic, but, unlike steel, retains its magnetism at 
a white heat. It is harder than iron, malleable and ductile, cobalt wire 
being about twice as strong as iron wire. It is soluble in most dilute 
acids. 

261. Oxides and Hydroxides. — Cobaltous oxide (CoO) is made (1) by 
heating any of its oxides or hydroxi>los in hydrogen to (not above) 350° C. ; 
(2) by ignition of Oo(OU.)^ or C0CO3, air being excluded ; (3) by lientirg 
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COjO^ to redness in a stream of CO, (Russell, 1863, Jr, Chem, Soc, [2], 1, 
51) ; (4) by heating any of the higher oxides to a white heat (C. D. Braun, 
1867, Zeit. Anal Ohem., 6, 76). Cobaltous hydroxide is made from cobalt- 
ous salts by precipitation with fixed alkalies ; oxidizes if exposed to the air 
(264). The most stable oxide is the cuhaltoso-cohaltic or tri-cobaltic tetrosc- 
ide (CO3OJ; is made by heating any of the oxides or hydroxides, the car- 
bonate, oxalate, or nitrate to a dull red heat in the air or in oxygen gas. 
Several oxide hydroxides are known — e.g., Qofi^{OB.)^i CO,0(OH)g, CO3O, 
(OH),. Cobalt ic oxide, Co^O,, is made by heating the nitrate just hot 
enough for decomposition, but not hot enough to form COgO^. Cobaltic 
hydroxide, Qo^{OB.)^y is made by treating any cobaltous salt with CI, 
HCIO, Br, or I in presence of a fixed alkali or alkaline carbonate. It dis- 
fiolves in HCl, with evolution of CI, in H,SO^, witii evolution of oxygen, 
forming a cohaltous salt. 

262. Solubilities. — Cobaltous nitrate and acetate are deliquescent ; chloride, hy- 
groscopic ; sulpliate (7 aj), efflorescent. The chloride vaporizes, undecomposed, at a 
high temperature. 

The hydroxide, basic carbonate, sulphide, phosphate, borate, oxalate, -cyanide, ferro- 
<jyanide, and ferricyanide are insoluble in water ; the potassio-cobaltous oxide is inso- 
luble ; the ammonio-cobaltous oxide, soluble ; the double cyanides of cobalt and the 
alkali metals are soluble in water. Alcohol dissolves the chloride and nitrate ; ether dis- 
solves the chloride, sparingly. Most of the salts insoluble in water form soluble com- 
pounds with ammonia. In analysis, cobalt is pretty clearly identified in the dry way, 
by the bead test (269). 

263. Reactions of Cobaltous Salts. — Cobaltous oxide is gray-green, the hydroxide 
is rose-red ; they are easily soluble in acids forming COBALTOUS SALTS, which ex- 
hibit bright colors, varied by different physical states, and by different chemical combi- 
nations. In crystals, they are red ; anhydrous, mostly lilac. Their solutions are mostly 
blue when concentrated, but pink when diluted. At a certain stage of dilution, tliese 
solutions are red when cold, and blue when hot. The pink dilute solution of the chloride 
spreads colorless on white paper when cold, becomes blue on heating, and colorless when 
cold again, used as * * sympatheHc ink,'^ Cobaltous oxide dissolves in melted glass, coloring 
it blue — used to cut off the light of yellow flumes ; also, with the same color, in fused 
borax — the most delicate test for cobalt (269), .and in other vitreous substances. The 
black, cobaltoso-cobaltic oxide, CO3O4 — as left by ignition of cobaltous oxide or nitrate 
— combines or mixes, by ignition, with zinc oxide from zinc compounds to form a green 
mass, with aluminium compounds to a blue, and with magnesium compounds to a pink 
mass. Cobalt forms many double salts, and compounds with alkalies, noted for their 
various bright colors. 

264. The fixed alkalies precipitate, from solutions of cobaltous salts, blue hnsic salts, 
which absorb oxygen from the air and turn olive-green, as cobaltoso-cobaltic hydroxide; 
or if boiled before oxidation in the air, become rose-red, as cohaltous hydroxide, Co(OH)2. 
This last result is favored by excess of the reagent, which does not redissolve the preci- 
pitate. Hut ammonia and ammonium salts dissolve the precipitate. 

Ammonium hydrate causes the same precipitate as fLwd alkalies ; incomplete, even 
at first, becausic of its solubility in the ammonium salt formed in the reaction, and solu- 
ble in excess of the ammonia to a solution which turns brown in the air by combination 
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with oxygen, and is not precipitated by potassium hydrate. The reaction of the preci- 
pitate with ammonium salts forms a soluble double chloride (as with magnesium) ; the 
reaction of the precipitate with ammonia produces, in different conditions, different 
soluble color compounds, ammouio-cobaitous and ammonio-cobaltic, as (NHs)40o01a, 
(NH,)«CoCl3, (NHajsOOaOlfl, etc. 

266. Alkali carbonates precipitate cubaltous basic-carbonate, peach red, which when 
boiled loses carbonic anhydride and acquires a violet, or, if the reagent be in excess, a blue 
color. The precipitate is soluble in ammonium carbonate (or in excess of that precipitant), 
and very slightly soluble in fixed alkali carbonates. 

Carbonates of Ba, Sr, Oa, and Mg do not precipitate cobaltous salts in the cold 
(except the sulphate), but by prolonged boiling they precipitate cobaltous chloride com- 
pletely. 

266. Hydrosulphuzio acid, with normal cobaltous s..lts, gradually and imperfectly 
precipitates the black cobalt sulphide, OoS; from cobalt acetate, the precipitation is more 
prompt, and is complete; but in presence of mineral acids, as in the second-group 
precipitation, no precipitate is made. When formed, the precipitate is scarcely at all 
soluble in dilute hydrochloric acid or in acetic acid ; slowly soluble in moderately con- 
centrated hydrochloric acid, as in dissolving the third-group precipitate ; readily soluble 
in nitric, and most easily in nitro-hydrochlorio acids. By exposure to the air, the recent 
cobaltous sulphide is gradually or slowly oxidized to cobalt sulphate, soluble, as occurs 
with iron sulphide. Ammonium sulphide precipitates immediately and perfectly the 
black OoS, described above. 

267. Phosphates — as Na2Ea'04 — precipitate the reddish cobaltous phosphate, 
C0HPO4, soluble in acids and in ammonia. Oxalic acid and oxalates precipitate the 
reddish white, cobaltous oxalate^ CoC<i04, soluble in mineral acids and in ammonia. 

268. Alkali cyanides — as KON — precipitate the brownish-white cobaltous cyanide^ 
Oo(ON)ai soluble in hydrochloric, not in acetic or in hydrocyanic acid, soluble in excer^s^ 
of the reagent, as double cyanides of cobalt and alkali metals^KON)aOo(ON)a— potas- 
sium cobaltous cyanide, etc., the solution having a brown color: 

OoOla -h 2KON = Oo(ON)a + 2K01 
Oo(ON)a-h 2KON = (KON)aOo(ON)a 

Dilute acids, without digestion, reprecipitate cobaltous cyanide from this solution 
(the same as with nickel, 280) : 

(KON)aOo(ON)a -I- 2H01 = Oo(ON)a + 2HON + 2K01 

But if the solution, with excess of the alkali cyanide and with a drop or two of hy- 
drochloric acid, insuring free HON, be now digested hot for some time, the cobaltous c} - 
anide is oxidized and converted into alkali cohalticyanide — as K«Oo2(ON) 12— correspond- 
ing to ferricyanides, but having no corresponding nickel compound: 

40o(ON)a + 4HCN + Oa = 2002(0N)« (cobaltic cyanide) + 2H2O 
OOa(ON)« + 6KON =. K«OOa(ON)is potassium cohalticyanide. 

In the latter solution acids cause no precipitate (important distinction from nickel^ 
whose solution remains (KON)2Ni(ON)a, and after digestion as above is precipitated 
with acids). 

Sulphooyanate, in highly concentrated solution, gives a blue color, Oo(ONS)a, crys- 
tallizable in blue needles, soluble in alcohol, not in carbon disulphide. In less concen- 
trated solutions, the color appears on warming. In neutral solutions, nickel, iron, man- 
ganese, and zinc do not interfere (Schoenn, 1870). 

Ferrooyanides — as K4Fe(ON)6 — precipitate cobaltous ferrocyayiide, OoaFe(ON)a, 
gray-green, insoluble in acids. Ferricyanides — as K6Fea(ON)u— precipitate cobaltous 
ferricyanide, OosFea(ON)ia, brownish-red, insoluble in acids. But a more distinctive 
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test is made by adding ammonium chloride and hydroxide, with the ferricyanide/when 
a blood-red color is obtained., in evidence of cobalt. If, in this test, manganese be pre- 
sent, a white precipitate is obtained at once, becoming brown with more f erricyanide ; if 
nickel be present, a copper- red precipitate forms on boiling; zinc gives no precipitate, 
hot or cold, but on addition of ferrucyanide to the same solution, gives a white precipi- 
tate (Allen, 1871). 

269. In the bead of borax, and i.i that of microcosmic salt, with oxidizing and with 
reducing flames, cobalt gives an intyn&e blue color. The blue bead of copper changes to 
brown in the reducing flame. If strongly saturated, the bead may appear black from in- 
tensity of color, but will give a blue powder. This important test is most delicate with 
the borax bead. If sulphur or arsenic is present, it must be previously expelled by roast- 
ing. If manganese, copper, nickel, or iron is present, the continued application of the 
reducing flame will destroy the interfering color, ard bring out the blue of cobalt. 

By ignition, with sodium carbonate on charcoal or with the reducing flame, com- 
pounds of cobalt are reduced to a magnetic mass. 

270. Cobaltous compounds are oxidized to oobaltic combinations, in the following ' 
tests, all of which distinguish cobalt from niclvel, which is scarcely capable of higher oxi- 
dation. 

Potassivtm nitrite, KNOa, added to a somewhat concentrated solution of cobaltous 
salt, with addition of sufficient acetic acid, after warm digestion, on standing some time, 
better for twenty-four hours, causes a yellow crystalline precipitate of potassium cobaltic 
nitrite {SL separation from nickel): 

20o01a 4- 12KNOa 4- SHOaHsOa + HaO = 

(KNOa)6, OOaO(NO04, (HaO), + 4K61 + gKOaHsOa ■+■ 2NO 
Chlorine gas, passed into dilute cobaltous solutions, changes them to cobaltic com- 
binations, which are then precipitated by digestion with barium carbonate in the cold 
(compare 265). Lead dioxide, with warm digestion, precipitates from neutral solutions 
all the cobalt, as cobaltic oxide hydroxide, Zn(OH)a, Pb(OH)a, and HgO precipitate 
Oo(OH)2 from OoOla at lOO° C. 

271. Estimation. — (1) As metallic cobalt, all compounds that may be 
reduced by ignition in hydrogen gas—e.g., CoCl,, CoCNOj^, CoCO,, and all 
oxides and hydroxides. (2) As CoO, all soluble cobalt salts, all salts whose 
acids are expelled or destroyed by ignition, all oxides and hydroxides. The 
salt is converted into Co(OH), by precipitation with a fixed alkali, and ig- 
nited in a stream of CO,. The carbonate and nitrate may be ignited di- 
rectly in CO,, and organic salts are first ignited in the air until the carbon 
is oxidized, and then again ignited in CO,. (3) After converting into a sul- 
phate it is ignited at a dull red heat and weighed as a sulphate. (4) After 
converting into the oxalate titrating with K,Mn,0^. 

272. Oxidation.— Co'' is oxidized to (CoJ^ in presence of a fixed alkali 
by PbO„ CI, KCIO, Br, KBrO, and I ; in presence of acetic acid by KNO, 
(270). (CoJ^ is reduced to Co" by H,C,0„ H3PO,, H,S, H^SO,, HCl, HBr, 
and HI. 

Metallic cobalt is precipitated from solution of OoClj, by Zn, Cd, and • 
Mg. 



Nickel. 63 



NICKEL. Ni^ 57. 9:28. 



273. Specific gravity, reduced hij carbo7i, 8.900 (Schroder, 1859). 
Melting jjoinf, 1460° C. (2642° F.) (Pictet, 1879). 

274. Occurrence. — Xickel almost always occurs in nature together with 
cobalt. It is found as kupfernickel, NiAs, millerite or nickel blende, NiS, 
etc. 

275. Preparation. — (1) By electrolysis. (2) By heating in a stream of 
hydrogen. The oxide is reduced in this manner at 270° C. (W. Muller, 
1869 : Aim. Chim. Pliy>^.^ 136, 51). (3) By fusing the oxalate nnder pow- 
dered glass (CO^ being given ofip). (4) Eeduction by igniting in CO. (5) Ke- 
duction bv fusiniz' with carbon in a variety of methods. 

276. Properties. — A hard white metal ; malleable and ductile, making 
a stronger wire tiian iron ; does not oxidize in the air at ordinary tempera- 
tures. It is much used in plating other metals. It is magnetic, but loses 
its magnetism like steel by heating to redness. Soluble in dilute HCl and 
H,SO^, hydrogen being given off ; in concentrated H^SO^, SO^ being formed ; 
in HNO3, NO being evolved ; in concentrated HNO3 it becomes passive like 
iron. 

277. Oxides and Hydroxides. — Nickelous oxide is formed when the 
carbonate, nitrate, or any of its oxides or hydroxides is strongly ignited. 
Nickelous hydroxide is formed by precipitation of nickelous salts with fixed 
alkalies. Nichelic oxide, Ni^O,, is made from NiCOj, Ni(NO,)„ or NiO by 
heating in the air not quite to redness, with constant stirring. It is changed 
to NiO at a red heat. Nickelic hydroxide, Nia(OH)g, is formed by treating 
nickelous salts first with a fixed alkali and then with CI, NaClO, Br, or 
NaBrO (not formed by iodine). A black powder, forming no correspond- 
ing salts. Soluble in HCl, HBr, and HI, with separation of CI, Br, and I. 
Soluble in HNO, H^SO^, and in most non-reducing acids with evolution of 
oxygen ; in H^C^O^, CO^ being evolved, and in each case a nickelons salt 
being produced. A trinickelic tetroxide, NigO^ (cori'esponding to COgO^, 
PCgO^, MngO^, and PbgOj, is formed, according to A. Baubigny (1878, 
Compt, Ren^d.f 87, 1082), by heating NiCl^ in oxygen gas at from 350° to 
440° C. 

278. Solubilities. — The salts of nickel have a delicate green color in crystals and in 
solution ; when anliydrous, they are yellow. The nitrate and chloride are deliquescent 
or efflorescent, according to the hygroraetric state of the atmosphere; the acetate is ef- 
florescent. The chloride vaporizes at high temperatures. 

The hydroxide, carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocynn- 
ide, ferricyanide, insoluble in water. The compounds of the oxide with potassium oxide 
and sodium oxide are insoluble; that with ammonia is soluble; and the double cyanides 
of nickel and alkali metals are soluble in water. The chloride is soluble in alcohol, and 
the nitrate in dilute alcohol. Most salts of nickel form soluble compounds by action of 
ammonium hydrate. In analysis nickel is separated, with cobalt, by the sparing sr In- 
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bility of the sulphide in dilute acids. Its separation from cobalt is more difficult (280). 
In absence of cobalt, it is easily identified in the bead (2b2). 

279. Reactions of Nickelous Salts. — The fixed alkali hydroxides precipitate 
uickelous hydroxide (Ni(OHja), pale green, insoluble in excess of the reagent and not oxi- 
dizable in the air, but soluble in ammonium hydroxide or ammonium salts to a greenish 
blue liquid (153). 

Ammonium hydroxide, also, precipitates nickel hydroxide, soluble in excess, and in 
ammonium salts, with formation of compounds similar to those of cobalt (264), giving a 
violet-blue color to the solution. Sufficient potassium or sodium hydroxide will slowly re- 
precipitate nickel hydroxide from its ammoniacal solution, a distinction from cobalt. \jk 
dilute ammoniacal solutions, the blue color appears only after exposure to the air. ^ 

The alkaline carbonates precipitate basic carbonate of variable composition, green 
color, and soluble in ammonium carbonate, or excess of that precipitant— with blue or 
greenish-blue color. Carbonates of Ba, Sr, Oa, and Mg precipitate on boiling the whole 
of the nickel from NiCla. 

With hydrosulphoric acid, and with sulphide of ammonium, nickel has the saiue< 
deportment as cobalt (266): the precipitate being nickel sulphide, slightly soluble in ex- 
cess of ammonium sulphide. Phosphates — as NaaHPOf — throw down nickel phosphafey 
greenish-white, mostly full metallic. 

280. Alkali cyanides — as ECN — precipitate nickel cyanidey Ni(ON)a, yellowish- 
green, insoluble in hydrocyanic acid, and in cold dilute hydiochloric acid; dissolving in 
excess of the cyanide, by formation of soluble double cyanides — as potassium nickel cy- 
anide (KON)aNi(ON)2. The equation of the change corresponds exactly to that for co- 
bcUt (268); and tlie solution of double cyanide is reprecipitated as Ni(ON)a by a careful 
addition of acids (like cobalt); but hot digestion, with the liberated hydrocyanic acid, 
forms no compound corresponding to cobalticyanides, and does not prevent precipitation 
by acids (unlike cobalt). It will be observed that excess of hydrochloric or sulphuric 
acid will dissolve the precipitate of Ni(CN)3. Perrocyanides — as K4Pe(ON)fl — precipi- 
tate a greenish- white nic'*el ferrocyanide, Ni2Fe(CN)o, insoluble in acids, soluble in am- 
monium hydroxide, decomposed by fixed alkalies. Ferricyanides precipitate greenish- 
yellow nickel ferricyanide. 

For the test by ferricyanide, with ammonium chloride and hydroxide, in distinction 
from cobalt^ see 268. 

Oxalic acid and oxalates precipitate, very slowly, but almost completely, after 
twenty-four hours, nickel oxalate^ green. 

281. Chlorine, or hypochlorite, in neutral solution, or, better, with fixed alkali hy- 
droxide, forms a black precipitate of nickelic hydroxide, Nia(OH)6, reduced by heat or by 
solution in acids or in ammonium hydroxide. The separation of nickel from cobalt 
(270), by this test, is more accurate if potassium cyanide in excess be added previously ta 
the chlorine or hypochlorite. Nitrites, with acetic acid, do not oxidize nickel as they da 
cobalt. 

282. Nickel compounds dissolve clear in the borax bead, giving with the oxidizing 
flame a purple-red or violet color wliile hot, becoming yellowish -brown when cold; with 
the reducing flame, fading to a turbid gray, from reduced metallic nickel, and finally 
becoming colorless. The addition of any potassium salt, as potassium nitrate, causes the 
borax bead to take a dark purple or blue color, clearest in the oxidizing flame. With 
microcosmic salt, nickel ^ives a reddish-brown bead, cooling to a pale leddish-yellow, 
the colors being alike in both flames. Hence, with tliis reagent, in the reducing flame, 
the color of nickel may be recognized in presence of iron and mnnffnne>€, which are color- 
less in the reducing flame; but cohalt effectually obscures the bead-test for nickel. The 
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yellow-red of copper in the reducing flame, persisting in beads of microcosmic salt, also 
masks the bead-test for nickel. 

By ignition with soda on charcoal, compounds of nickel are reduced to a powder at- 
tracted by the magnet. 

283. Estimation. — In gravimetric determinations nickel is converted 
into NiO, and after intense ignition weighed as such. 

284. Oxidation. — Ni" is changed to (NiJ^i i^ presence of fixed alkalies 
by 01, NaOlO, Br, and NaBrO (not by I). (NiJ^i jg reduced to Ni" by all 
non-reducing acids with evolution of oxygen ; by reducing acids, H^OgO^ is 
oxidized to 00„ HNO, to HNO3, H3PO, to H3PO,, H,S to S, B.jaO^ to 
H,SO„ HOI to 01, HBr to Br, HI to I, HOyS to HOy and H,SO„ H,Pe- 
(ON). to H,Pe,(ON),,. 

A solution of NiOl, is reduced to the metallic state by zinc-dust and 
by finely-divided cadmium or tin. 

ZINC, Zn= 64.9045. 

285. Specific gravity, 7.14 (Rammelsbukg, 1880). Melting pointy 450° 
C. (842° R) (PiCTET, 1879). Boiling point, 930° 0. (1706° F.) (Violle, 
1882). 

286. Occurrence. — It is found as calamine (ZnOO,), as zinc-blende 
(ZnS); also associated with, other metals in numerous ores. 

287. Preparation. — The process usually employed consists of two opera- 
tions : (1) Eoasting : in case of the carbonate the action is Zn0O3 = ZnO 
+ 00, ; if it is a sulphide, 2ZnS + 30, = 2ZnO + 2SO,. (2) Ked action 
with distillation ; after mixing the ZnO with one-half its weight of pow- 
dered coal it is distilled at a white heat. Its usual impurities are As, Od, 
Pb, Ou, Pe, and Sn. It is purified by repeated distillation, each time re- 
jecting the first portion, which contains the more volatile As and Od, and 
the last, which contains tiie less volatile Pb, Ou, Pe, and Sn.' Strictly chemi- 
cally pure zinc is best prepared from the carbonate which lias been purified 
by precipitation. 

Other methods of preparing zinc not financially profitable are : (1) Elec- 
trolysis ; (2) reduction by K, Na, or Mg ; (3) reduction by hydrogen ; 
(4) reduction by carbon monoxide. 

288. Properties — A bluish-white metal ; retains its lustre in dry air, 
and is only slightly tarnished in moist air or in water. It is more malleable 
between 100° and 150° C. than at other temperatures, and may then be 
drawn into wire or rolled into sheets. At 205° C. it is so brittle that it may 
be easily powdered in a mortar. 

For use in the laboratory it is usually granulated by pouring it when 
melted into cold water. The water is then poured off and the zinc thrown 
into a solution containing about one grain of platinio chloride to a gallon of 
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water. Metallic platinum is precipitated upon the zinc (2Zn + PtCl^ = 
Pt + 2ZnClJ, and increases its solubility in H^SO^. Otherwise (that is, if 
strictly chemically pur6), it would be unfit for use in Marsh's* test for arsenic. 

289. Oxide and Hydroxide. — Zinc oxide (ZnO) is made by igniting in 
the air either metallic zinc, its hydroxide, carbonate, nitrate, oxalate, or 
any of its organic oxysalts. Zinc hydroxide, Zn(OH)„ is made from solu- 
tions of zinc salts by precipitation with fixed alkalies (292). 

290. Solubilities. — Pare zinc dissolves very slowly in acids or alkalies, 
unless in contact with copper, platinum, or some less positive metal. The 
metallic impurities in ordinary zinc enable it to dissolve easily with acids or 
alkali hydroxides. In contact with iron, it is quite rapidly oxidized in water 
containing air, but not dissolved by water, unless by aid of certain salts. 
All the agents which dissolve the metal, dissolve also its oxide and hy- 
droxides. 

The metal dissolves in hydrochloric, sulphuric, and acetic acids (a), and 
in the aqueous alkalies {Jb) — with evolution of hydrogen ; in very dilute ni- 
tr c acid, without evolution of gas {c)\ in moderately dilute cold nitric 
acid, mostly with evolution of nitrous oxide (d)\ and, in somewhat less 
dilute nitric acid, chiefly with evolution of nitric oxide (e). Concentrated 
nitric acid dissolves zinc but slightly — the nitrate being very sparingly solu- 
ble in nitric acid: 

H3SO4 = Zn304 + Ha 

2EOH = EaOZnO + Ha 

IOHNO3 =r 4Zn(N03)a + NH4NO3 + 3HaO 

lOHNO, = 4Zn(N08)2 + NaO + 5HaO 

8HNO3 = 3Zn(N03)a + 2NO + 4HaO 

291. The cidoride, bromide, iodide, chlorate, nitrate (6 aq,), and acetate 
(7 aq,) are deliquescent ; the sfdpUate (7 aq,) is efflorescent. 

The oxide, hydroxide, sulphide, basic carbonate, phosphate, arseniate, 
oxalate, and ferrocyanide are insoluble in water ; the sulphite is sparingly 
soluble. Most salts of zinc, insoluble in water, form soluble compounds by 
action of any of the alkali hydroxides. 

Zinc is separated from the metals of the third .sri'oup,' except from alu- 
minium, by non-precipitation with excess of fixed alkali hydroxide in boil- 
ing solution ; from aluminium, by precipitation as sulphide in alkali solu- 
tion, and bv non-precipitation wi^h excess of ammonium hydroxide (292). 

292. Reactions of Zinc Salts.— The alkali hydroxides all precipitate 
zinc hydroxide, Zn(OH),, white, soluble in excess of either procii)itant, 
with formation of potassium or sodium zinc oxide, or zincate, K^ZnO,, or 
Zn(OK),: 

ZnOla 4- 2KOH = ZnfOH)a + 2K01 
Zn(OH)a -f 2KOH = KaZnOa + 2H3O 

All zinc salts are soluble in KOH and Na(OH) except ZnS, and all in 
NHpH except ZnS and Zn,Pe{CN).. 
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On boiling the alkaline solutions, if dilute, a precipitate of zinc oxide 
(separates, more readily from the ammoiiic than from potassic or sodic solu- 
tions. In the presence of iroUy or manganese, the zinc hydroxide does not 
so readily dissolve in the alkali precipitant, which in these cases needs to 
be very strong, at the time of precipitation.* Hydroxide of zinc is some- 
what soluble in ammonium chloride, as stated in 154. 

293. Hydrosulphuric acid precipitates a. part of the zinc from neutral 
solutions of its salts with mineral acids, and the whole from the acetate ; 
also from other salts of zinc, if with addition of alkali acetates (separation 
from manganese): 

ZnCla + SECaHsOa + HaS = ZnS + 2EC1 + SHC^HsOs 

That is : Zinc sulphide is not soluble in moderately dilute acetic acid, 
though much more soluble in mineral acids. The precipitate is white when 
pjire. 

294. Alkali sulphides— as (Niaj^S — completely precipitate zinc as sul- 
phide, both from its salts with acids and from its soluble combinations with 
alkalies. 

295. Alkali carbonates — as K^COg — precipitate basic carbonate, white, 
Zng(OH)g(COg)3 sparingly soluble in ammonium carbonate, readily in ammo- 
nium hydrate. Carbonates of Ba, Sr, Ca, and Mg have no action at ordi- 
nary temperatures, but upon boiling precipitate the whole of the zinc. 

296. Alkaline cyanides — as KCN — precipitate zinc cyanide, Zn(CN)3, 
white, soluble in excess of the precipitant. Alkaline ferrocyanides — as 
K^Pe(CIir)g^precipitate zinc ferrocyanide, Zn^Q{C'N)^, white. Alkaline 
ferricyanides — as IL^QjiCN)^^ — precipitate zinc ferricyanide, Zn,Pea- 
(CN)j2, yellowish. 

297. With sodium carbonate, on charcoal, before the blow-pipe, com- 
pounds of zinc are reduced to the metallic state. The metal is vaporized, 

* The solution of the zinc hydroxide precipitate, by addition of excess of alkalies, is greatly affected by 
conditions of temperature and dilution. At 16° to 17** C, one c.c. of Normal standard solution of zinc sul- 
phate requires, to redissolvethe precipitate, eight c.c. of Normal standard solution of potassium hydroxide. 
But now, just one-half of the alkali can be taken up, by adding four c.c. of half-Normal solution of sulphuric 
.acid, before the precipitate reappears. That is, four molecules of the alkali hydroxide form and dissolve (or 
hold in a solution already made) the precipitate of one molecule of the zinc salt— supporting the equations 
in the text. But, if the equation is to represent the proportion of alkali necessary to add in order to make 
And dissolve the precipitate, at first, it must show eight molecules of alkali hydroxide to one zinc salt, thus : 

ZnS04 + 8K0H = Zn(OK)2.4KOH + K9SO4 + 2HaO 
The addition of water, at a certain point, precipitates the alkali solution after it is made. Heat does the 
.«ame, as stated in the text. At 50** C, about three times as much of the alkali solution is required to dis- 
solve the precipitate as at 17** C. The addition of an alkali solution so dilute as the tenth-Normal, in case 
of potassium hydroxide, does not effect full solution of the precipitate, however much is added. Sodium hy- 
droxide solution is not required in quite so large excess to redissolve the precipitate— seven molecules being 
needed, in Normal solutions, instead of eight, as for potassium hydroxide. But the same proportion of four 
molecules is needed to hold the solution, after taking up excess by adding acid. In the case of ammonium 
liydroxide, 6.6 c.c. of Normal standard solution were found to be required to form and dissolve the precipi- 
tate from 1 c.c. of Normal solution of zinc salt. Then 1.6 c.c. of the alkali could be taken up by ncid, be- 
fore reprecipitation. Apparently, then, five molecules of ammonium hydroxide are required for soluble 
combinfltion with one molecule of zinc salt. [See a report on Zinc and Alkali solutions, by the author and 
_P. L. Wilson, Jour. Amer. Chem. Soc., Feb., 1880, ii. 29.] 
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and then oxidized in the air, and deposited as a non volatile coating, yeZ7ow 
when hot and lohite when cold (compare 160). If this coatiug, or zinc oxide 
otherwise prepared, be moistened with solution of cobalt nitrate and again 
ignited, it assumes a green color. 

With borax or microcosmic salt, zinc compounds give a bead which, if 
strongly saturated, is yellowish when hot, and opaque white when cold. 

298. Estimation. — Zinc is weighed (1) As an oxide, into which form it 
is brought by simple ignition if combined with a volatile inorganic oxyacid, 
otherwise it should be changed to a carbonate and then ignited. (2) It is 
converted into a sulphide, and after adding powdered sulphur it is ignited 
in a stream of hydrogen or hydrogen sulphide, and weighed as a sulphide. 
(3) It may be converted into ZnNH^PO^, and, after drying at 100° C, 
weighed. Ignition converts it into Zn^P^O^, with slight loss of zinc 
(Crookes, 1886). (4) Volumetrically by converting it into the oxalate and 
titrating with potassium permanganate (W. G. Leison). (5) Volumetri- 
cally by converting into Zn3Pe(CN)g and titrating with potassium perman- 
ganate (M. Renard). 

299. Oxidation. — Metallic zinc precipitates tlie free metals from solu- 
tions of Cd, Sn, Pb, Cu, Bi, Hg, Ag, Pt, Au, As, Sb, Te, In, Pe, Co, Ni, 
Pd, Rh, Ir, and Os {Gmelinkraufs Handhuch, 3, 6). Solutions of Cr^' are 
reduced to (CrJ^' ; jind compounds of manganese having more than two 
bonds are reduced to the dyad when acidulated with some non-reducing acid. 
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SEPABATION OP THE THIRD-GBOUP METALS. 

• 

302. The reactions of the seven important metals of the third group, as 
obtained with the compounds of each alone, inchide a sufficient number of 
distinct differences to construct several easy methods of complete separation. 
But it is more difficult to separate them when together than to distinguish 
them when apart, owing to the fact that the reactions of several of them are 
modified by the presence or action of others. In some of these cases, the 
interference is probably due to simple adhesion between the bases; in others, 
to chemical action of one base with another. 

The division of the third group, by action of ammonium chloride, 
which dissolves manganous hydroxide, and excess of ammonium hydrox- 
ide, which dissolves cobalt, nickel, and zinc hydroxides, is indicated in the 
Table of Comparisons (300), and constitutes the first separation used in the 
Table at 301. If the excess of ammonium hydroxide be decided, the solu- 
tion of the cobalt, nickel, and zinc will not fail. To dissolve the manga- 
nese, the ammonium salt must be added abundantly, and the metal must be 
ill the manganous condition (242). Hence the oxidation of ferrosum, by 
nitric acid, must be limited to addition of very little nitric acid with very 
brief boiling, to avoid the formation of manganic compounds. 

The following precautions are essential to this method of separation : 
{(i) All hydrodulphuric acid left from the second-group precipitation must 
be expelled, (h) Iron must be obtained in the ferric condition, as stated in 
the Table (301). (c) If citric and tartaric acids, sugar, albumen, and other 
organic substances which prevent precipitation by alkalies are present, they 
must be destroyed by evaporating the filtrate from the second group to dry- 
ness ; adding a few drops of nitric acid, gently igniting, then dissolving in 
water acidulated with hydrochloric acid. A carbonaceous residue may be 
disregarded. 

Tiie separation of Al,(OH), from Pe,(OH)g, and Cr,(OH)„ by excess of 
fixed alkali, as directed in 301 A, requires that the alkali should be strong 
enough to dissolve the aluminium, and that the boiling should be sufficient 
to precipitate the chromium (181). 

303. The separation of CoS and NiS from the other sulphides of Group 
in. B, as directed in the Table at 301, is not complete, as has been stated in a 
foot-note of the table. If acetic acid be employed instead of hydrochloric 
acid as a solvent, CoS and NiS will bo left in the residue without waste ; but 
now the ZnS will chiefly remain undissolved (293 and 300, under H^S). The 
separation of zinc from manganese cati be done by treating their sulphides 
with acetic acid ; also by treating their acetates with hydrosulphuric acid. 
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304. The following Plan of Separation, chiefly by excess of alkali 
hydroxides, may be employed as a study : 

Dissolve the third-group (ammonium sulphide) precipitate in, hydrochloric acid with &\eTj 
little potassium chlorate. 

In solution : ZnCla) AlsCla, CrsCla, MnCla, Fe-jCle) CoCla, NiCla. 

Add ammonium chloride, then ammonimn hydroxide in decided excess^ and filter and 
wash. 

Residue {a) : Fea(OH)«, Al2(OH)6, Ora{OH)6. 

Solution (b) : ZnO, MnO, OoO, NiO (as ammonio compounds). 

Dissolve residue (a) in hydrochloric acid ; add excess of potassium hydroxide in the cold. 
Filtei. 

Precipitate (c): Fea(OH)6. (Dissolve in acid and test.) 
Solution {d): K^Al^O^^ OraOsCKaO)^. 

BoUJUtrate (d) for some time. Filter. 
Precipitate (e): Ora(OH)«. (Test by fusion with alkali carbonate and nitrate.) 
Solution (/): KaAlaOf. (Acidulate and test, 167, etc.) 
To solution (b) — 

Add sulphide of ammonium ; filter and wash the precipitate formed. Digest with 
moderately dilute hydrochloric acid in the coldy and filter. 

Residue {g) : OoS, NiS. (Test 301, B.) 
Filtrate (h): ZnOla, MnCla. 

Boil Jilirate (h) ; add excess of potassium hydroxide, and filter. 
Precipitate : Mn(OH>a. . (Test by 249, a.) 
Solution : KaZnOa. (Acidulate and test, 292, etc.) 

In this plan — besides the difficulty with manganese, explained in 302 
— we have the difficult solution of chromium in cold, fixed alkali in pre- 
sence of iron, and the uncertain solution of aluminium by alkali in presence 
of iron. Also, the separation of cobalt and nickel, both by redissolviiig 
in ammonium hydroxide, and by non-solution of their sulphides in hydro- 
chloric acid, are processes requiring care, and affording only approximate 
separation. 

305. The presence of Phosphoric Acid greatly complicates the analysis of the third 
group. Hence, the first proceeding with the filtrate of the second group is to ascertiiin 
whether it contains phosphoric acid or not. This is most conclusively done, as directed 
in the Table for Grouping, by the test with molybdate. It will be remembered, however, 
that a solution containing phosphoric acid along with any non-alkali bases must have an 
acid reaction. As soon as the solution is neutralized, phosphates are precipitated, and so 
phosphates are thrown down in third-group precipitations. As phosphoric is a non-vola- 
tile acid, it must be removed by precipitation. To separate it from bases, it must be 
precipitated from acid solution. This is done, firstly , as directed in the Table for ** Ana- 
lysis of Group III. when Phosphates are present " (see Part III.), by adding excess of 
ferric chloride, and then barium carbonate, in a very slightly acid solution. The PO4 is 
precipitated as ferric phosphate, with the oiher two pseudo-triads of the group, aluminium 
and chromium, both as hydrates. The phosphates of the pseudo-triads, especially ferric 
phosphate, are less easily dissolved by diluted acids or by acetic acid than any other 
metallic phosphates, except, perhaps, lead phosphate. In this way the dyad metals of 
the third and fourth groups are obtained in solution, frt-e from PO4, as they are not pre- 
cipitated by barium carbonate. Now the precipitate of Al2(OH)5, Ora(OH)8, Fea(P04)3, 
etc., is boiled with excess of fixed tilkali, which brings the aluminium into solution, 
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K9Ala04, free from FO*. The chromium is identified, in the very complex precipitate, 
by its oxidation to acid, and the color precipitates of chromate. 

306. Secotidly, the pliosphoric acid radical can be separated from the alkaline earth 
metals, and from the dyads of the third group, by ferric salt in presence of acetic acid 
(307). There must be no other free acid; the ferric phosphate itself being soluble in hy- 
drochloric and other strong acids. The acetic acid must be stnmg enough to prevent the 
precipitation of phosphates of calcium, etc. ; and when of this strength it does dissolve 
some ferric phosphate, so that the separation is not very close. Ferric chloride being 
taken as a reagent, sodium acetate is used, so that the chlorine shall be neutralized r.s 
metallic salt, and not appear as hydrochloric acid: 

FeaCle + 6NaCaHs02 = Fe3(C3H90a)6 + 6NaCl 
FeaOle + GNaCaHsOa -r 2H3PO4 = Fe2(P04)a + 6NaCl + eHCaHsOa 

In the following table this principle is employed, with certain precautions. Group 
III. A, is obtained by itself ; then put with Group III. B, and digested with sulphide ; 
because, it is claimed, in this way the phosphoric acid radical is combined with the 
pseudo-triads to a greater extent than when ammonium sulphide is brought to bear upon 
the whole group in solution. After the use of tlie sulphide, ferrosum may be present and 
again require oxidation, and the free chlorine used for this purpose also secures the solu- 
tion of OoS and NiS. On digestion with the acetate, a precipitate must occur if Fe, Al, 
or Or is present. This precipitate may contain all these pseudo-triads, when it probably 
will not contain all the PO4 ; or it may contain all the PO4, when it probably will not 
contain all the pseudo- triads. To assure the removal of all the PO4, ferric salt is added. 
The filtrate is now free from phosphoric acid, and is to be treated essentially as directed 
for the third group when phosphates are absent — olitaining precipitates of Group III. A 
and B, and carrying the filtrate to the fourth group. 
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308. Oxalites have nearly the same deportment in the third group as phosphates, 
bat the oxalic acid radical is decomposed altogether by the ignition and oxidation directed 
in 302 (c). By the same operation the fluorine of fluorides is expelled, and the silica of 
silicates left behind in the residue. Boracin acid is precipitated slightly in the third 
group of bases, but very little if ammonium chloride is added in large proportion. 

309. The use of Barium Carbonate for separation of the pseudo-triads from the dyads 
of the third group has been described in 305, as used in the Table in Part III. The fol- 
lowing is another scheme with use of this reagent : 



Plan for Separation by Barinm Carbonate. 

Dissolve the third-group precipitate iu hydrochloric acid with a little potassinm 
chlorate (to oxidize ferrosum); digest with gentle heat to expel all the free 
chlorine; neatralize with potassium carbonate; Alter, if necessary; add the 
barium carbonate, agitate, and leave to subside in a fla^k or test-tube corked 
close to exclude the air. Decant, filter; wash with hot water. 

Precipitate (a) : Pea(OH)«, Or2(OH)6, etc. (the excess of BaOOs). 
Solution {b) : ZnCla, MnCla, CoCl<i, NiCla ; (BaCla). 

Dissolve precipitate (a) in dilute hydrochloric acid ; add dilute sulphuric acid 
to complete the precipitate. Filter. 

Precipitate : BaS04. (Reject.) 

Solution (c) : FeaCls, OraCle, AlaCle. 

Nearly neutralize solution (c) with potassium carbonate ; add excess qf potas" 
siiim hydroxide^ and boil for a few minutes. Filter. 

Precipitate (d) : Fe2(OH)«, Ora(OH)6. 
Solution (e): E2Ala04. (Determine by 167.) 

Fuse precipitate (d) with sodium carbonate and nitrate. Dissolve iu hot water, 
and filter. 

Residue (/): Pe2(OH)6. (Dissolve in hydrochloric acid; test by 221.) 
Solution ig): KjOrO*. (Test by 191, etc.) 

To solution (6) add sulphuric acid to complete the precipitate ; filter out the 
barium sulphate; nearly neutralize the filtrate with potasnium carbonate; add 
excess of jwfassivm hydroxide ; boil a very short time, and filter. 

Solution (/i) : KaZnOa. (Add hydrosulphuric acid, 293.) 

Precipitate {i): Mn(OH)a, Oo(OH)a, Ni(OH)a. 

Wash precipitate (i), dissolve in a little dilute hydrochloric acid, nearly neutral- 
ize with ammonium hydroxide; add ammonium acetate, and treat thoroi/ghly 
with hydro»ulphvrio acid. Filter. 

Precipitate (j ) : OoS, NiS. 

Solution {k): Mn(OaH802)a. (Add ammonium hydrate and sulphide — 242, etc.) 

Dissolve precipitate ij) in hydrochloric acid with a little potassium chlorate ; 
nearly neutralize with potassium carbonate; add solution of potassium cyan- 
ide^ sufficient barely to redissolve the precipitate at first produced. Boil 
thoroughly, cool, and filter; add strong solution of good sodium hyjwchlorite^ 
leave for some time in a warm place (as long as a black precipitate continues 
to form), and filter (281). 

Precipitate (Z) : NiaCOH),. 

Solution (m): K60o2(ON)i2. (Evaporate to dryness; test bv 283, etc.) 
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CERIUM. Ce = 140. 424. 

310. Specific gravity, electrolytic, 6.628; after fusion, 6.728 (Hille- 
BRAND and NoRTON^, 1875). Melting point between silver and antimony. 
Its principal source is cerite, in wliicli it is found as a silicate, in conjunc- 
tion with lanthanum and didymium. It is prepared (1) by fusing CegCl^ 
with Na (WoHLER, 1867), and (2) by electrolysis of 00,01^ (Hillebrand 
and NoRTO]N', 1875). Properties. — The metal has a steel-gray color ; burns 
in gaseous CI, Br, I, S, and P. Is not dissolved by cold concentrated 
HNO3 or H^SO^ ; easily dissolved by dilute HCl, HNOg, and H,SO^. When 
ignited it burns in the air with greater brilliancy than Mg. Cold, dry air 
has no action upon it ; moist air tarnishes it slightly. The oxides are 
COjOg, CeOg, and CeOg. Cerous oxide (Ce^O,) is made by heating the oxal- 
ate or carbonate in H. Cerous liydroxide, OqJ^IEL)^, is formed by treating 
cerous salts with fixed alkalies. It is white, soon becoming yellow by oxi- 
dation. Ceric oxide (CeOj is formed when Ce, Ce2(OH)3, Ce,(C03)g, 
Ce,(SOj3, Ce,(N03)g, or O^J^Ofi^^ is ignited in the air. It is yellow, as is 
also the hydroxide formed by treating Ce2(OH)^ with CI in piesence of 
KOn. Ceric hydroxide loses water in drying, and becomes Ce20(0H)g. 
Cerium peroxide, CeOg, is formed by treating Ce2(SOj3 with H^O, in pre- 
sence of NH^OH (BoiSBAUDRAN', 1885). Other oxides of cerium have beeiii 
described, but their existence is doubtful. The only stable salts of cerium 
are the cerous, Ceric salts are reduced to cerous salts by boiling, with evo- 
lution of oxygen ; the one best known is Ce(SOj2. 

Reactions of Cerous Salts. — Potassium or sodium hydroxide precipitates from 
cerous salts the hydroxide, Oe(OH)a, white; changing by chlorine or other oxidizing 
agents to ceric hydroxide, yellow. — Ammonium hydroxide precipitates a basic salt. Al- 
kalies do not redissolve their precipitates. — Alkaline carbonates precipitate white cerous- 
carbonate^ OeiipO^)^. — Oxalates precipitate cerous oxalate, wliite; first gelatinous, tlien 
crystalline, converted by ignition into ceric oxide. — Potassium Sulphate precipitates po- 
tassio-cerous sulphate, (KaS04)30e2(S04)3, white, crystalline, insohible in excess. — Perro- 
oyanides precipitate white cerous ferrocyanide. — Hydrosulphuric acid separates from 
cerium the metals of the second group; saturated solution of potassium sulphate sepa- 
rates cerium from zinc, chromium, manganese, iron, cobalt, nickel ; also from tlie earth 
metals. — Barium Carbonate precipitates cerous salts completely on boihng, not at all 
when cold. The reaction with oxalic acid is characteristic. — With borax and microcos- 
mic salt, all compounds of cerium give, with the oxidizing blow-pipe flame, a bead, deep 
red while hot, colorless when cold; with the reducing flame, when strongly saturated, a 
yellow enamelled bead. 

BERYLLIUM. Be = 9.085. 

311. Specific gravity, 1.85 (Humidge, 1885). Melts above the point 
at which NaCl readily volatilizes (Nilsox ;ind Peterssek, 1878). 

Occurrence. — Only in combination, in beryl, Be3Al3(Si03)g, and in some 
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other silicates, also in ehrysoberyl, BeOAl^O,. Prepared by fusion of 
Be^Clg with K or Na. It has not yet been reduced by electrolysis, by cai'- 
bon, or by hydrogen. Properties. — Steel-colored, hard, malleable, un- 
changed in ordinary air, only slightly tarnished in the air at a red heat, but 
burns in the oxyhydrogen flame ; burns in CI, soluble in HCl and H^SO^, 
and very slowly in HNO3 ; solnble in KOH and NaOH, but not in NH^OH. 
Oxide and Hydroxide. — The oxide, Be^O,, is formed by ignition of the 
hydroxide or any of its oxysalts, except those with non-volatile acids. The 
hydroxide, 'Bq^{0'B.)^, is formed by precipitation with NH^OH and drying at 
100° C. 

Reactions of BeryUium Salts. —Fixed alkaU hydroxides precipitate the hydrox- 
ide, Be(OH)3, resembling aluminium hydrate, soluble in excess; ammonium hydroxide 
causes the same precipitate, insoluble in excess or in cold solution of ammonium salts.— 
Alkali sulphides also precipitate the hydroxide. — Carbonates precipitate double carbon- 
ates, or basic carbonates of beryllium, soluble in ammonium carbonate. Barium carbon- 
ate does not precipitate BeaCle in cold solutions, but does precipitate it completely at 
100^ C— Phosphates throw down BeHP04, flocculent. Oxalates cause no precipitate. 
— Ferrooyanide of potassium causes, after some time, a gelatinous precipitate. — Beryl- 
lium is separated and distinguished from aluminium, and from zinc, by the solubility of 
its hydroxide and carbonate in excess of ammonium carbonate ; from zinc by the indiffer- 
ence of its alkahne solutions to ammonium sulphide. Dilute alkaline solutions precipi- 
tate on long boiling, also the hydroxide dissolves in ammonium chloride solution on boil- 
ing, both distinctions from aluminium. — Beryllium compounds, ignited with cobalt ni- 
trate, yield a gray mass. Soluble salts of beryllium have a sweet taste. 



URANIUM. U = 238.482. 

312. Specific gravity, 18.685 (Zimmeumann, 1882). Melts at a bright 
red heat (Peligot, 1868). 

Occurrence. — Found in various minerals ; its chief ore is pitch-blende, 
which contains from 40 to 90 per cent, of UgO^. Preparation. — By fusing 
UCl^ with K or Na. Properties. — It has the color of nickel, hard, but 
softer than steel, malleable, permanent in the air and water at ordinary 
temperatures ; when ignited bums to TJfi^ ; unites directly with CI, Br, I, 
and S when heated ; soluble in HCl, H^SO^, and slowly in HNO3. Oxides 
and Hydroxides. — CTranous oxide (UOJ, formed by igniting the higher 
oxides in carbon or hydrogen; is a brown powder, soon turning yellow by 
absorption of oxygen from the air. Uranous hydroxide is formed by pre- 
cipitating uranous salts with alkalies. Uranic oxide, UOg, is formed by 
heating uranic nitrate cautiously to 25° C, and upon ignition in the air 
both this and other uranium oxifle?, hydroxides, and uranium oxysalts with 
volatile acids ni-e converted into U3O, = UO,2U03. Uranous Salts. — ^Ura- 
nium acts a«j n hnse in two classes of salts, itranous and ttranyl salts. Ura- 
nous salts nre green and give green solutions, fi'om which alkalies precipi- 
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tute uranous hydroxide, insoluble in excess of the alkali ; alkali carbonates 
precipitate U(OH)^, soluble in (NHJ^CO, ; with BaCO, the precipitation is 
complete even in the cold. H^S is without action ; (NHJ^S gives a dark- 
brown precipitate ; K^Pe(CN")g gives a reddish-brown precipitate. In their 
action toward oxidizing and reducing agents uranous aiid uranyl (uranic) 
salts resemble closely ferrous and ferric salts ; uranous salts are even more 
easily oxidized than ferrous salts — e.g., by exposure to the air, by HNO,, CI, 
HCIO3, Br, KjMn^O^, etc. Gold, silver, and platinum salts are reduced to 
the free metal. Uranyl Salts. — The hexad uranium (U^') acts as a base, 
but usually forms basic salts, never normal : we have VO^i^O^^, not 
TJ(N"03)^; UO^SO^, not U(SOj3. These basic salts were formerly called 
uranic salts, but at present (UOJ" is regarded as a basic radical and called 
uranyl, and its salts are called uranyl salts — e.g., UO^Cl, uranyl chloride, 
(UOj3(POj2 uranyl orthophosphate. Solutions of uranyl salts are yellow; 
KOH andNaOH give a yellow precipitate, consisting of K^U^O, and Na^U^O,, 
insoluble in excess. Alkali carbonates give a yellow precipitate, soluble in 
excess ; BaCO, and CaCO, give UO3. H^S does not precipitate the ura- 
nium, but slowly reduces uranyl salts to uranous salts (Arendt and Knop). 
(NHJ^S gives a dark-brown precipitate. K^Pe(CN"), gives a reddish-brown 
precipitate. Sodium phosphate gives a yellow precipitate. Zn, Cd, Sn, 
Pb, Co, Cu, Pe, and ferrous salts reduce uranyl salts to uranous salts. 
Uranates. — The hexad uranium acts as an acid toward some stronger bases. 
Thus we have K^U^O^ and Na^UjO,, formed by precipitating uranyl salts 
with KOH and NaOH ; compare the Similar salts of the hexad chromium, 
K^Cr^O^ and NaaCr^O,. Other oxides of uranium are described, but are 
doubtless combinations of XJO, and UO3. 

TITANnJM. Ti = 47. 980. 

313. Titanium is never found in a free state ; found in ilmenite, FeaTiaOa, in rutite, 
brookite, and anatose. It is prepared by heating the chloride or fluoride with E or Na. 
It is a dark gray powder. When burned, combines with both the N and O of the air ; 
soluble in HCl, HaS04, and HNOs. It forms very stable compounds with nitrogen and 
cyanogen (furnace products); it decomposes water at the boiling temperature. In its 
most stable compounds it acts as a tetrad ; titanic oxide, TiOo, acting as an acidulous 
finhydride toward bases and having properties and salts resembling those of silicic acid 
— likewise forming a full series of (quadrivalent) titatdc salts^ as TiOl4. The metal also 
acts as a pseudo-triad, in titanoua oxide, TiaOs, titanous chloride, TiaCls, and a few 
other salts, all powerful reducing agents. 

a. Titanous salts make violet-colored solutions (the chloride, nitrate, and sulphate 
dissolve in water), from which alkali hydroxides and their carbonates precipitate tita- 
nous hydroxide, Ti203(HaO)aj, dark brown, changing in the air to titanic acid, HaTiOa ; 
ammonium sulphide throws down the same precipitate, hydrosulphuric acid producing 
no change; calcium carbonate separates the hydroxide.— Ferric and cupric salts are re- 
duced to ferrous and cuprous compounds, and from salts of mercury, silver, and gold 
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the metals are separated, by titanous salts, which are thereby changed to titanic com- 
pounds. 

b. Titanic salts are mostly insoluble in water, or decomposed by it with precipitation 
of titanic acid, HaO.TiOa or HaTiOs. Of this compound there are two modifications^ one 
soluble and one insoluble in hydrochloric and nitric acids; strong sulphuric acid dissolves 
both modifications; but the titanic sulphate is decomposed and precipitated on dilution, 
and the chloride on long boiling (distinctive). Titanic chloride, TiCl4, and nitrate, 
Ti(N03)4, are permanently soluble in water. — From these. Alkalies and their carbonates 
and sulphides throw down the white voluminous titanic hydrate or titanic acid, insoluble 
in excess of the precipitants, and in ammonium salts; the same precipitate is produced by 
barium carbonate. Ferrocyanide of potassium gives a dark-brown precipitate of ti- 
tanic ferrocyanide ; tannic acid, an orange precipitate. 

c. Titanates, as shown above, are not formed by treating titanic acid, even when re- 
cent, with aqueous alkalies, but are produced by fusion of titanic acid with alkalies or 
their carbonates So prepared, the neutral alkali titanates have a yellow color, and are 
decomposed by hot water with separation of insoluble acid titanates of the same bases, 
but soluble in acids as titanic salts. 

d. Compounds of titanium acids with microcosmic salt dissolve in the outer flame to 
a clear bead, pale yellow when hot, and colorless when cold. The strong reducing flame 
now turns the bead yellow while hot (reddish when cooling), and violet when cold (titan- 
ous oxide). If sulphate of iron be added, the bead by the inner flame is blood-red. In 
the borax bead the same reactions are obtained, less intense.— Ignition on charcoal with 
soda does not reduce titanium to the metallic state (distinction from tin). 



THALLIUM. Tl = 203. 715. 

314. Specific gravity of the wire, li.91(CR00KES. 1864). Melting point, 
293.9° C. (561° F.) (Crookes, 1864). U found in crookesite and in many 
varieties of iron and copper pyrites. Preparation. — (1) By electrolysis. 
(2) By reduction from its solutions by Zn or Al. (3) By fusion with KCN. 
(4) By fusion of the oxalate or with some other form of carbon. (5) Fu- 
sion in hydrogen gas reduces it with difficulty. It is a bluish- white metal, 
softer than lead, malleable and ductile ; tarnishes rapidly in the air ; may 
be preserved under water, which it does not decompose below a red heat ; 
soluble in H^SO^ and HNO,, in HCl with great difficulty ; combines di- 
rectly with CI, Br, I, P, S, Se, and precipitates from their solutions Cu, 
Ag, Hg, Au, and Pb in the metallic state. 

Reactions. — As a monad its compounds are stable, and not easily oxidized ; as a 
triad it is easily reduced to the univalent condition 

a. ThalliouB oxide, TlaO, is black; on contact with water it forms an hydroxide, 
TIOH, freely soluble in water and in alcohol, to colorless solutions. The carbonate is 
soluble in about 20 parts of water ; the sulphate and phosphate are soluble; the chloride 
very sparingly soluble; the iodide insoluble in water. Hydrochloric acid precipitates, 
from solutions not very dilute, thaUious chloride, TlOl, white, and unalterable in the air. 
As a first-group precipitate, thallious chloride dissolves enough in hot water to give the 
light yellow precipitate of iodide, TU, on adding a drop of potassium iodide solution— 
the precipitate being slightly soluble in excess of the reagent. HaS precipitates the ace- 
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tate, but not the acidified solutions of its other salts. (NH4)aS precipitates TlaS, which, 
on exposing to the air, soon oxidizes to sulphate. Ferrooyanides give a yellow precipi- 
tate, Tl4Fe; phosphomolybdio acid a yellow precipitate; and potai»siuin permangan- 
ate, a red-brown precipitate, consisting in part of Tl^Oj. ChromateB precipitate yellow, 
normal chromate ; and platinic chloride, pale orange, thalliotM platinic chloride, (T1C1)3- 
PtCl4. Thallium compounds readily impart an intense green color to the flame, and 
one emerald-green line to the spectrum (the most delicate test). The flame-color 
and spectrum, from small quantities, are somewhat evanescent, owing to rapid vapori- 
zation. 

b. Thallio oxide, TlsOs, dark violet, is insoluble in water; the hydroxide, an oxy- 
hydroxide, TIO(OH), is brown and gelatinous. This hydroxide is precipitated from thai- 
lie salts by the caustic alkalies, and not dissolved by excess. Chlorides and bromides 
do not precipitate thallic solutions; iodides precipitate TU with L Sulphides, and H2S, 
precipitate tkallioua sulphide, with sulphur. Thallic oxide, suspended in solution of 
potassium hydroxide, and treated with chlorine, develops an intense violet-red color. 
Thallic chloride and sulphate are reduced to thallious salts by boiling their water solu- 
tions. 

315. YTTERBIUM. Yb = 172.761.— In 1878 Marignac prepared 
the sulphate, Ybj,(SOj3, the oxalate, Yb,(C,Oj3, the nitrate, and some 
otiier ytterbium salts. The metal has not been isolated. 

316. TERBIUM. Tr = 148.5? — Terbium oxide, Tr^O,, occurs in sa- 
marskite ; the sulphate, Tr3(SOj3, and a few other salts, have been pre- 
pared, but as the metal has not been isolated the composition of its salts 
is not certain. 

317. SCANDIUM. Sc = 43.98. — Scandium oxide, Sc,0„ is found in 
gadolinite; the sulphate, Sc^^SOj,, the oxalate, 803(0,0^3, and a few other 
salts, have been prepared ; the metal has not been isolated. 

318. SAMARIUM. Sm = 148.801. — Discovered by Boisbaudran in 
samarskite by its peculiar spectrum. The oxide, Sm^Oj, the chloride, 
SmClg or Sm^Clg, tlie sulphate, the nitrate, and a few other salts, have been 
prepared. The metal has not been isolated. 

319. GALLIUM. Ga = 68.584. — Specific gravity, 6,9. Melting pointy 
30.15° C. (86.27° F.) Found in zinc-blende. Prepared by electrolysis. 
It is a soft metal, may be cut with a knife, flexible and malleable, soluble 
in HCl and KOH, and in hot HNO,. The oxide, G-a^O,, the chloride, 
Ga^Cl,, and sulphate are best known. 

320. DECIPIUM. Dp = 171.? — Discovered by Delafoi^tine in sa- 
marskite by means jof the spectroscope. The oxide, Dp^O,, Dp3(SOj3, 
DPallOj)^, Dp,(C,H30j^, and jy^J^CJO^^ are best known. The metal has 
not been isolated. 
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Groups L and II. 83 

GROUPS I. AND n. 

322. The first group includes metals whose chlorides are insoluble in 
water (Pb, Ag, and (Hg,)"). 

The second group includes those metals whose chlorides are soluble in 
water, but whose sulphides are insoluble in dilute acids. 



Copper Ou = 63.173 

Bismuth Bi = 207.523 

Cadmium Od =111.835 

Lead Pb = 206.471 

Silver Ag = 107.675 

Mercury Hg = 199.712 

Arsenic As = 74.918 

Antimony Sb = 119.955 

Tin Sn = 117.698 



Gold Am = 196.155 

Platinum Pt = 194.415 

Palladium Pd = 105.737 

Ruthenium Ru = 104.217 

Iridium Ir = 192.651 

Rhodium Rh = 104.055 

Osmium Os = 198.494 

Tellurium Te = 127.960 

Selenium Se = 78.797 

Tungsten W = 183.610 

Molybdenum Mo = 95.527 

Norwegium Ng = 218.93? 

Germanium Or = 72.32 



323. Comparative View. — Owing to the partial solubility of lead 
chloride in water, it is never completely precipitated in the first group ; 
hence it must also be tested for in the second group. (HgJ'' belongs to 
the first group and Hg" to the second. Silver, then, is the only exclusively 
first-group metal. 

324. The metals included in these groups are less strongly electro-posi- 
tive than those of the other groups. Only bismuth, antimony, tin, and mo- 
lybdenum decompose water, and these only slowly and at high tempera- 
tures. The oxides of silver, mercury, gold, platinum, and palladium are 
decomposed below a red heat. Copper, lead, and tin tarnish by oxidation 
in the air. In general, these metals either do not dissolve in acids with 
evolution of hydrogen, or do so with difficulty. Nitric acid is the best sol- 
vent for all, except antimony and tin, which are rapidly oxidized by it. 

325. Mercury, arsenic, antimony, and tin form, each, two Stable classes 
of salts. Therefore, the lower oxides, chlorides, etc., of these metals act as 
reducing agents ; and their higher oxides, chlorides, etc., as oxidizing 
agents, each to the extent of its chemical force. Arsenic,« antimony, tin, 
molybdenum, and several of the rare metals of these groups enter into acid- 
^lous radicals, which form stable salts. Arsenic and selenium are metal- 
loids rather than metals. Arsenic, antimony, and bismuth belong to the 
Nitrogen Series of Elements. 

326. A large proportion of the compounds of these metals are insoluble 
in water. Of the oxides or hydroxides, only the acids of arsenic are soluble 
in water. The only insoluble chlorides, bromides, and iodides are in these 
groups. The sulphides, carbonates, oxalates, phosphates, borates, and cy- 
anogen compounds are insoluble. Most of the so-called soluble compounds 
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of bismuth, antimony, and tin, and some of those of arsenic and mercury, 
dissolve only in acidulated water, being decomposed by pure water, with 
formation of insoluble basic salts. 

327. The oxides of arsenic, antimony, and tin — in general terms — dis- 
solve in alkali hydroxides. Oxides of silver, copper, and cadmium dis- 
solve in ammonium hydroxide ; oxide of lead, in fixed alkali hydroxide. 
Metallic lead, like zinc, dissolves in fixed alkali Ijydroxide, with evolution 
of hydrogen, though it scarcely decomposes any acid by displacing liy- 
drogen. 

328. Many double salts are formed with the metals of this group. Those 
whose sulphides dissolve in alkali sulphides, owe this property to the forma- 
tion of soluble sulpho-salts or double sulphides. Platinum forms a large 
number of stable double chlorides, soluble and insoluble ; and gold forms 
double chlorides, cyanides, etc. 

329. Mercury, antimony, silver, and gold do not form hydroxides. 
The oxides of gold are very instable. 

330. The metals of this group are all easily reduced to the metallic state 
by ignition on charcoal. Except mercury and arsenic, which vaporize, and 
certain rarer metals difficultlv fusible, the reduced metals melt to metallic 
grains on the charcoal. Mercury and antimony vaporize from the liquid, 
arsenic from the solid state. 

COPPER. Cu = 63.173. 

331. Specific gravity, variable : hammered, 8.9587 (Berzelius); crys- 
tallized, 8.94; electrolytic, 8.914 (Marc hand). Melting poiiit, variable; 
ViOLLE finds it to be 1054° C. (1929° F.) Valence, a dyad in cupric salts 
as Cu"Cl3, and a pseudo-monad in cuprous salts, as {Cu3)"Cl,. 

332. Occurrence. — Copper is found native in various parts of the 
world, and especially in the region of Lake Superior. The most important 
English ore is copper pyrites, CuFeS,' ; copper glance is Cu^S ; green mala- 
chite is Cu^{OH.)^00^ ; blue malachite is Cu3(OH)3(CO,), ; red copper ore 
is CUgO ; tenorite is CuO ; it is found in many other ores, and is utilized as 
a by-product in their reduction. 

333. Preparation. — For the details of the various methods of copper- 
smelting the works on metallurgy should be consulted. In the laboratory 
pure copper may be produced (1) by electrolysis ; (2) reduction by igni- 
tion in hydrogen gas ; (3) reduction of the oxide by ignition with carbon, 
carbon monoxide, illuminating gas, or other forms of carbon ; (4) reduc- 
tion of the oxide by K or Na at a temperature a little above the melting 
point of these metals; (5) reduction by fusion with potassium cyanide 
(2CuO + 2KCN = 2Cu + 2KCNO). For its reduction in tlie humid w.iy 
sec 351. 
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334. Properties. — A red metal, but thin sheets transmit a greenish-blue 
light, and it also shows the same greenish-blue tint when in a molten con- 
dition. Of the metals in ordinary use only gold and silver exceed it in 
malleability. In ductility it is inferior to iron and cannot be so readily 
drawn into exceedingly fine wire. Although it ranks next to iron in 
tenacity, its wire bears about half the weight which an iVon wire of the 
fiame size would support. As a conductor uf heat it is surpassed only by 
gohi. Next to silver it is the best conductor of electricity. Dry air has no 
action upon it ; in moist air it becomes coated with a lilm of oxide which 
protects it from further action of air or of water. 

335. Oxides and Hydroxides. — Cuprous oxide (Cu^O) is found na- 
tive ; it is prepared (1) by reducing CuO by means of gi-ape-sugar in alka- 
line mixture ; (2) by igniting CuO with metallic copper; (3) by treating an 
ammoniacal cupric solution with metallic copper, then adding KOH and 
drying. A red powder, soluble in HCl, forming Cu,Cl,. Cuprous hydroxide 
is formed by precipitating cuprous salts with KOH or NaOH. Cupric ox- 
ide is formed by igniting the hydroxide, carbonate, sulphate, nitrate, and 
some other cupric salts in the air. Cupric hydroxide is formed by precipi- 
tating cupric salts with EOH or NaOH. It is stated by H. Rose that te- 
iracupric monoxide (Cu^O) is formed by treating a cupric salt with KOH 
and a quantity of K^SnO,, insufficient to reduce it to the metallic state. A 
peroxide of copper (CuOj is supposed to be formed by treating Cu(OH), 
with H,0, at 0° C. 

336. Solubilities. — Copper does not dissolve in acids with evolution of 
hydrogen ; it dissolves most readily in nitric acid, chiefly with the evolu- 
tion of nitric oxide (a); also, in hot concentrated sulphuric acid, with evo- 
lution of sulphurous anhydride (b): 

a. 30u + 8HNO, = SOuCNO,), -^ 4HaO + 2N0 

b. Cu + 2H2SO4 = OUSO4 + 2HaO + SO9 

The atmosphere oxidizes copper very rapidly when in contact with sol- 
vents of the oxide of copper ; and in this manner the metal becomes oxi- 
dized and dissolved in hydrochloric acid and nearly all acids, in ammo- 
nium hydroxide, in solutions of many salts, in fats, sugars, and other or- 
ganic substances. 

Copper forms two oxides, and corresponding series of salts : cuprous 
salts being infrequent and instable compounds, nearly all insoluble in water, 
and easily resolved into metallic copper and cupric salts, the stable and rep- 
resentative compounds of the metal. 

Cupric salts are readily reduced to cuprous combinations by most 
strong reducing agents acting with alkalies, as, by sulphites (a) with free 
alkali (difficultly, without alkali); by aisenious acid, with excess of alkali ; 
by glucose, and certain other sugars and organic materials, with excess of 
alkali. Also, by ferrous salts, in presence of iodides (345 b). Metallic iron 
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and zinc separate, from solutions of cupric salts, metallic copper, without 
formation of cuprous salt. 

a. 2CUSO4 + 4E0H + SO3 = CuaS04 + 2EaS04 + 2HaO 

337. CUPROUS oxide — Cu^O— is of a brownish-red color ; cuprous hy- 
droxide — Cu,(OH)2 — brownish-yellow. Cuprous salts are insoluble in water. 
The chloride, Cu,Clj„ dissolves in strong hydrochloric acid to a colorless 
solution, which turns green in the air. 

From this solution water throws down the cuprous chloride, white ; fixed alkalies, 
in small quantity, neutralize the free acid, and precipitate the white cuprous chloriile ; 
in larger quantity, precipitate the yellow cuprous hydroxide, insoluble in excess. Am- 
monium hydroxide and ammonium carbonate, in excess, redissolve the hydroxide, and 
dissolve the oxide to a colorless solution, which turns blue on exposure. Potassa repre- 
cipitates the ammonia solution. Soluble carbonates precipitate the yellow cuprous car- 
bonate, CU2CO3. — ^Iodide of potassium precipitates the wliite cuprous iodide, Cuala,. 
without liberation of iodine (345 6).— Hydrosulphuric acid and sulphides precipitate 
OuaS, black. — Phosphates, oxalates, cyanides, and ferrocyanides precipitate their re- 
spective cuprous salts, white ; ferricyanides, brown-red. Ammoniacal solution of silver 
nitrate precipitates metallic silver. — With the blow-pipe, cuprous salts behave like cu- 
prous compounds (349). 

338. Reactions of Cupric Salts. — Cupric salts, in crystals or solution, 
have a green or blue color; tiie chloride (2 aq.) in solution is emeraid-gn-en 
when concentrated, light blue when dilute ; the sulphate (5 aq,) is *' blue 
vitriol." Anhydrous cupric salts are white. The crystallized chloride is 
deliquescent; the sulphate, permanent; the acetate, efflorescent. 

Cupric hydroxide, basic carbonate, oxalate, phosphate, borate, arsenite, 
sulphide, cyanide, ferrocyanide, ferricyanide, and tartrate are insoluble in 
water. The ammonio-oxide and most of the amnionic salts, the potas- 
sio and sodio cyanides, and the potassio and sodio tartrate, are soluble in 
water. In alcohol the sulphate and acetate are insoluble ; the chloride 
and nitrate, soluble. Ether dissolves the chloride. 

Copper is easily identified by reduction with iron to the lustrous metal- 
lic state (350) ; also, by the blue solution with excess of ammonium 
hydroxide (340), used as a separation from bismuth. 

339. Fixed alkalies — KOH — added to saturation in solutions of cop- 
per salts, precipitate copper hydroxide, Cu(OH)3, deep blue, insoluble in 
excess, soluble in ammonium hydroxide (if too much fixed alkali is not 
present), very soluble in acids, and chjinired, by standing, to the black, basic 
hydrate, Cu303(OH)3; by boiling, to CuO. If tartaric acid, citric acid, 
grape-sugar, milk-sugar, or certain other organic substances are present, 
the precipitate either does not form at all, or redissolves in excess of the 
fixed alkali to a blue solution. The tartrate alkaline solution may be 
boiled without change ; in presence of sugar, the application of heat pre- 
cipitates the yellow cuprous hydrate (346). The addition of alkali 
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hydroxides, short of saturation^ forms insoluble basic salts, of a lighter blue 
than the hydrate. 

340. Ammonium hydrate, added short of saturation, precipitates the 
pale -blue basic salts ; added just to saturation, the deep blue hydroxide (in 
both cases like tuefixeU alkalies) ; added to supersaturation, the precipitate 
dissolves to an intensely deep blue solution. The blue solution consists of 
compounds of cuprammonium, (N^HgCu)", a diammonium formed by the 
substitution of an atom of copper for an atom of hydrogen in each of two 
semi-molecules of ammonium, NHgNHgCu. The cuprammonium oxide is 
united with ammonium salt, as {'N^fivi)0.('N'EL^^SO^ and (NjHgCu)©.- 

(ira.ci), : 

OaS04 + 4NH4OH = (N2H8Cu)0.(NH4)3S04 + SH^O 
From this solution the fixed allvalies in strong solution precipitate the 
blue hydroxide, and on boiling the black oxide, CuO. 

341. Ammonium carbonate, like ammonium hydroxide, precipitates and 
redissolves to a blue solution. Carbonates of fixed alkali metals — as 
K3CO3 — precipitate the greenish-blue, basic carbonate, Cu2(OH),C03, of 
variable composition, according to conditions, and converted by boiling to 
the black, basic hydroxide and finally to the black oxide. Barium carbon- 
ate precipitates completely, on boiling, a basic carbonate. 

342. Hydrosulphuric acid, and soluble sulphides, precipitate copper 
sulphide, CuS, black, formed alike in acid solutions (distinction from iron, 
manganese, cobalt, nickel) and in alkaline solutions (distinction from 
arsenic, antimony, tin). — Solutions containing only the one-hundred-thou- 
sandtli of copper salt are colored brownish by the reagent. The precipitate, 
CuS, is easily soluble by nitric acid {a) (distinction from mercuric sul- 
phide) ; with diflBculty .soluble by strong hydrochloric acid (distinction from 
antimony) ; insoluble in hot dilute sulphuric acid (distinction from cad- 
mium) ; insoluble in fixed alkali sulphides, and but slightly soluble in am- 
monium sulphide (distinction from arsenic, antimony, tin) ; soluble in so- 
lution of potassium cyanide {h) (distinction from lead, bismuth, cadmium, 
mercury) ; soluble in solution of potassium carbonate. 

a. 60uS -h 16HNOs = 60u(NOs)2 + 3Sa + 8HaO + 4N0 
h. OuS + 4KON = (KON)20u(CN)2 -|- K^S 

343. Phosphates— as Na^HPG,— give a bluish-white precipitate of cop- 
per phosphates; CuHPO^, if the reagent is in excess; Cu.^('BO^^, if the 
copper salt is in excess ; the precipitates slightly soluble by acetic acid. — 
Oxalates ]}VQC\])\i^te cupric oxalate, CuC^O^, bluish-wliite, insoluble in acetic 
acid, and formed from mineral acid salts of copper by oxalic acid added 
with alkali acetates. — Normal potassium chromate precipitates brown -red 
basic cupric chromate, somewhat soluble in water. — Arsenites, as KyAsO,, 
or arsenious acid with just sufficient alkali hydroxide to neutralize it, pre- 
cipitate from solutions of cupric salts (not the acetate) the green copper 
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arsenitey chiefly CuHAsOj (Scheele's green, ** Paris green"), readily soluble 
ill acids and in ammonium hydroxide, decomposed by strong potassium 
hydroxide solution. From eupric acetate, arsenites precipitate, on boiling, 
copper aceto-arsenite, (CuOASj,03)3Cu(CaH30j2, Schweinfui-t green or Im- 
perial green, ** Paris green," dissolved by ammonium hydroxide and by acids, 
decomposed by fixed alkalies. 

344. Alkaline cyanides — as KCN — precipitate at first the yellowish- 
green cyanide, C\i{CN)^, soluble in excess of the reagent by formation of 
potassium eupric cyanide, K3Cu(CN)^. The eupric cyanide precipitate is 
instable, becoming cuprous, or cuproso-cupric cyanide, Cu,(CN),; the lat- 
ter unites with ammonium hydroxide, forming several green to blue salts, 
mostly soluble in water. Ferrocyanides — as K^Pe(CN"), — precipitate the 
(' qyper ferrocyayiide, Cu3Pe(CN),, reddisli-brown, insoluble by aciJs, de- 
composed by alkalies. In highly dilute solutions a reddish coloration, 
without precipitate, is seen. Ferricyanides — as lL^e^{CN)^^ — precipitate 
copper ferricyanide, Ou^'Fe^{CN)^^, yellowish-green, insoluble in hydrochlo- 
ric acid. Thiocyanates, with sulphurous or hypophosphoroiis acid, preci- 
]'itate cuprous thiocyanate, Ou.^{CJNS)^, white (distinction from cadmium). 

345. Soluble iodides precipitate, from concentrated solutions t)f copper 
traits, cuprous iodide, CUjIg, whii^e, colored dark brown by the iodine sepa- 
rated in the reaction (a). The iodine dissolves with color in excess of the 
reagent, or dissolves colorless on adding ferrous sulphate or soluble sul- 
j)liites, by entering into combination. Cuprous iodide dissolves in tliiosul- 
]ihates (with combination). 

The cuprous iodide is precipitated, free from iodine, and more com^ 
]»letely, by adding reducing agents with iodides ; as, Na^SO,, H^SOj, 
Peso, (h), 

a. 2CUSO4 + 4KI — OUala + la + 2EaS04 > 

b, 2OUSO4 -+- 2KI + 2FeS04 = Oual, + K^BO^ + Fe,(S04)3 / 

2OUSO4 + 4KI + HaSOs -+- HaO = OUala + 2K2SO4 + H2SO4 + 2HI 

346. Metallic copper is reduced and separated from eupric solutions by 
iron, zinc, cobalt, nickel, lead, cadmium, bismuth, tin, and phosphorus. 
A bright slip of iron in solution of eupric salts acidulated with hydrochlo- 
ric acid, receives a. bri2:ht copper coating, recognizable from solutions in 
1*40,000 parts of water. Zinc acts most promptly in contact with platinum, 
as by use of a platinum dish, when the copper is deposited on the platinum; 
when minutely divided as a precipitate, the copper is dark brown to black. 
Finely divided zinc can be removed by solution in hydrochloric acid. Ni- 
tric acid and tartaric acid interfere with this reaction : 

OUSO4 + Fe = Ou + FeS04 
(For every 63 parts of copper deposited, 55.9 parts of iron are dissolved.) 

For detection of minute traces of copper, by metallic reduction, Hager directs as fol- 
lows : The material is obtained in solution acidulated with acetic acid. The end of a 



Copper, 8^ 

platinum wire is inserted just within the eye of a large sewing-needle, around which the 
wire is wound. The coil is left in the solution three or four hours, at a temperature of 
25° to 30° C. (77° to 86° F.) The presence of copper is indicated by a black-brown coat- 
ing on the platinum wire, but more closely determined by further treatment. The needle 
is now withdrawn, the platinum wire is washed by gentle introduction into water, placed 
in a test-tube, treated with four or five drops of nitric acid and a few drops of diluted 
sulphuric acid, warmed, boiled to expel all nitric acid, and an excess of ammonium hy- 
droxide added. 

Hydrobromic Acid.— To one drop of the copper solution add two drops 
of HBr, and concentrate by evaporation to one-half of its yolume ; the 
rose-red color indicates copper. 0.01 of a milligramme of copper may thus 
be detected. Of the common metals only iron interferes. KBr and H,BO^ 
may be substituted for the HBr. 

Arsenioiis acid, certain sugars, and many organic compounds, reduce 
cupric salts with fixed alkali hydroxide to a yellow precipitate of cuprous 
oxide and not to metallic copper. 

Sodium thioBulphate, NasS^Os, added to hot solutions of copper salts, gives a black 
precipitate. In solutions strongly acidulated (with iiydrochloric acid) this is a separa- 
tion from cadmium. 

347. Ignition with sodium carbonate on cliarcoal leaves metallic copper 
in finely divided grains. The particles are gathered by triturating the 
charcoal mass in a small mortar, with the repealed addition and decantation 
of water until the copper subsides clean. It is recognized by its color, and 
its softness under the knife. 

848. Copper readily dissolves, from its compounds in beads of borax and 
of microcosmic salt, in the outer flame of the blow-pipe. The beads jne 
green while hot, and blue when cold. In the inner flame the borax bend 
becomes colorless when hot ; the microcosmic salt turns dark green wIkmi 
hot, both having a reddish-brown tint when cold (Cu^O) (helped by add- 

ingN;in). 

349. Compounds of copper, heated in the inner flame, color the outer 
-flame gi^en. Addition of hydrochloric acid increases the delicacy of the 
reaction.Vriving a greenish-blue color to the flame. 

350. Intimation.— (1) It is precipitated by means of zinc in a platinum 
dish (or a/Lnall battery may be employed) and weiofhcd as metallic copper. 
Or it may bl converted into CuH, by treating with H3PO,, and after reducing 
to metallic doppeijjyignition weighed as such. (2) It is conveited into CuO 
and weig^ ^fti^jflgmti^^ It may be precipitated either by H,S or Na,S,- 
0„ and, a?f-ei^i«^iijij|.i^:l^ and ignitinir in hydrogen gas, weighed as 
cuprous sulphid'^llpi^^nay^ precipifntod byKCNS in presence <f H^SO, 
or H3PO,. and, ^ter adding S, ignited in H and weighed as Cu,S. Cu,0, 
OuO, Cu(N03)„CuC03, CuSO,, and many olber cupric salts, are converted 



90 Bismuth. 

into Cu,S by adding S and igniting in hydrogen gas. (4) By adding KI to 
the cupric salt and titrating the liberated I by NagS^Oj; not permissible 
with acid radicals which oxidize HI. (5) By precipitating as Cu, dissolving 
in Pe,a„ 

OU + FOaCle = OuOla -h 2Pe01a, 

and titrating the latter by K^Mn^Og. (6) By reducing with a solution of 
SnCl, of known strength in presence of free HCl 

2CuCl3 + SnOla = CuaCla + SnCl4, 
the end of the reaction is known by the disappearance of the green color of 
CuCl,. 

351. Oxidation. — Solutions of Cu" and (CuJ" are reduced to the metal- 
lic state by Zn, Cd, Sn, Al, Pb, Pe, Co, Ni, Bi, and in presence of KOH by 
KjSnO,. Cu" is reduced to (CuJ" by SnCl,, in presence of HCl, and in 
presence of KOH by As^O, and by grape sugar. Metallic copper is oxidized 
to Cu" by solutions of Hg", (HgJ", Ag', Pt'^, and Au'", these salts being 
reduced to the metallic state. Copper is also oxidized by many acids. 

BISMUTH. Bi = 207. 523. 

352. Specific gravity, 9.759 (Schroder, 1859). Melting point, 268.3^ 
C. (515° F.) (RiEMSDYK, 1869). Valence, a triad in Bi"'Cl3, a pentad in 
Bi^,Oj. and in Bi^O, a dyad. 

353. Occurronce. — A comparatively rare metal, usually found native ; 
also found as bismuth ochre (Bi^O,), bisniuthite or bismuth glance (Bi^S,), 
and in some other minerals. 

354. Preparation. — On a large scale it is always reduced from its ores 
by fusing with carbon. It may also be produced by fusing with K, Na, CO, 
KCN, H,C,0,, i.r NH^Cl. 

355. Properties. — A hard, brittle, reddish-white metal. Its melting 
point is lowered by alloying with other metals. Fusible metal consists of, 
in parts by weight, 2 Bi, 1 Sn, 1 Pb, and melts at 93.7° C, '' Wood's Metal'' 
15 Bi, 8 Pb, 4 Sn, 3 Cd, melts at 68° C. Bismuth may be distilled in an 
atmosphere of H above 1100° C. 

356. Oxides.— Four oxides are known — Bi^O^. Bi^,, Bi^^. Bi^^. Di- 
bismuth dioxide (Bi^OJ is sometimes cjilled hypobismu/hons oxide ( Watis' 
Dictioyiary, 1888); and more properly bismuthou^i oxide {Gi^ahani Otto's 
Chemie, 1888). It is formed by the action of potassium stannite upon bis- 
muth hydroxide — 

2Bi(0H)s + EaSnOa = Bi^Os + EaSnOs + 3HaO. 
A black powder easily oxidized to Bi'". A corresponding dibismuth tetra- 
chloride, Bi,Cl^, is formed when metallic bismuth is heated with BiClj, 
Hg^Cl,, or CI in the right proportions. It is instable. Bismuth peroxide, 
Bi,0^, is formed when CI is passed into a hot solution of KOH, containing 
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Bi(OH),. It is a reddish powder. Non-reducing acids, such as H^SO^,. 
change it to Bi'", with evolution of oxygen. Keducing acids are them- 
selves oxidized, no oxygen being given off — e.g., 

BiaOft + lOHOl = SBiOl, -+- 20U H- 5H2O. 

Dibismuth tetroxide, (Bi^Oj, is little known ; formed like Bi^O^, but nshjg 
less chlorine. It may be considered in its yalence as a union of Bi" ai^d 
Bi^ , 2Bi,0, = Bi,0. + Bi,0.. 

Bismuth oxide and its corresponding salts are stable. It has u yellow- 
ish-white color (Bi(OH)3 is wbite); is formed when any other bismuth ox- 
ides, hydroxides, organic salts, or inorganic oxysalts with volatile acids, are 
ignited in the air. Bismuth hydroxide, Bi(OH)3, is formed by piecipitat- 
ing bismuth salts with alkalies. 

357. Solubilities. — Bismuth is but slightly oxidized in the air at ordi- 
nary temperatures, rapidly at a red heat ; it takes fiie in chlorine, and 
unites readily with bromine, iodine, and sulphur. Hydrocliloric acid 
scarcely attacks it ; boiling sulphuric acid salifies it with separation of sul- 
phurous anhydride, but it dissolves much the most readily in nitric acid^ 
with eyolution of lower oxides of nitrogen. 

The sulphide, hydroxide, basic carbonate, phosphate, chromate, borate^ 
sulphite, oxalate, iodide (364), cyanide, ferrocyanide, ferricyanide, tartrate, 
citrate, tannate, and valerianate are insoluble in water. The chloride,, 
bromide (364), nitrate, chlorate, and sulphate — when taken as normal 
salts — are soluble in water acidulated with their respective acids, or with 
other acids forming " soluble" bismuth salts ; but are decomposed by pure 
water, with partial solution and partial separation of insoluble basic 
salts — (326 and equations in 358). The ammonio citrate is soluble in 
water without decomposition ; and the decomposition of the normal chlo- 
ride, nitrate, and sulphate is prevented by the addition of compara- 
tively small quantities of acetic, citric, and certain other organic acids^ 
The acidulated, water-saturated solutions of the nitrate and chloride may 
be considerably further diluted with alcohol, without disturbance. 

In analysis, bismuth is precipitated alone, from the nitric acid solution 
of second-group sulphides, after removing lead (and silver), by adding ex- 
cess of ammonium hydroxide, a separation from copper and cadmum. 
The precipitation by water (358) suggests bismuth. 

358. Water precipitates, from the acidulated bismuth solutions, white 
basic salts (see equations below), which contain less of their acid radicals ii> 
proportion as greater quantities of water are added, and some of which cnn 
be washed on the filter until almost pure hydroxide or oxide. The precipi- 
tation is most complete with the chloride, and with other salts is promoted 
by addition of hydrochloric acid or chlorides ; hence it may occur as a first- 
group precipitate. All the precipitates are readily soluble in hydrochloiic 
and nitric acids ; not in tartaric acid (distinction from antimony). Acidu- 
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lation with certain organic acids (in accordance with the statement in 357) 
prevents the precipitation : ^f'9Uh '■ 

Bid, + HaO = BiOOl -h 2H01 ^^' 
Bi(NOi)s + 2H3O = (a) BiONOs.H^O + 2HNOs 
4Bi(Mt53)s + 6H3O = (h) Bi405(NOi)3.H<,Q||^ lOHNOi 
Bi(Nr6,)8 + 3H3O = (c) Bi(OH;i + 3H^P^ 

359. The alkali hydroxides precipitate from bismuth solutions — in 
absence of tartaric acid, citric acid, and certain other organic substances — 
the white bismuth hydroxide, Bi{OH)3, insoluble in excess of the reagents, 
•converted by boiling to the oxide, BigO,, yellowish- white. Certain reducing 
agents turn the precipitate black (366). 

360. The carbonates precipitate basic bismuth carbotiate, Bi,0,CO„ 
white, insoluble in excess. Barium carbonate forms the same precipitate, 
•without heating. 

361. Hydrosulphuric acid and sulphides precipitate bixmiith sul- 
jphide. Bi^Sj, black, insoluble in dilute acids and in alkali hydroxides ; 
insoluble in alkali sulphides (distinction from arsenic, tin, antimony), and 
in alkali cyanides (distinction from copper). It is soluble by moderately 
concentrated nitric acid (distinction from mercury), the sulphur mostly re- 
maining free. 

362. Soluble chromates — both K^CrO^ and K^Cr^O^^precipitate the 
yellow, b isic bismuth chromate, Bi,0(CrOj3, distinguished from that of 
lead by its insolubility in fixed alkali hydroxide. 

363. Phosphoric acid and soluble phosphates precipitate bismuth phoS' 
phatCy BiPO^, insoluble in five per cent, nitric acid, insoluble in dilute 
acetic acid, readily soluble in hydrochloric and suli>huric acids.— |ATsenic 
acid and arseniates form a precipitate corresponding to the p^iSHiate in 
composition, and having the .-arne solubilities. 

364. Oxalic acid and oxalates precipitate bismuth oxalate, Bi,(C30j,, 
white, insoluble in dilute acids. 

Potassium Iodide produces in slightly acidulated solutions of bismuth 
fialts — not acidulated to excess with hydrochloric acid — a dark brown pre- 
cipitate of bismuth iodide, partly basic, soluble in excess of the reagent, in 
hydrochloric acid and in hydriodic acid — in each case with a brown tinge to 
the solution, not soluble in dilute nitric acid.* 

Bromides i)iecipitate a basic salt, soluble in acid. 

♦ This precipitate, at the moment of its formation in concentrated solutions, is doubtless normal bis- 
muth iodide, Bils, which is gradually decomposed by water, more rapidly in dilute solutions, forming basic 
Iodide (oxy-iodide) with separation of hydriodic acid. The oxy-iodide of the composition BiOI is stated to 
be insoluble in solutions of alkali iodides, while this precipitate is soluble in these solutions, even after de- 
•composition by much water. 

The reaction of iodides, with l;i-»rauth solutions, d ft ;r^ in degree but not in kind from that of chlorides; 
the nonn.il l;i!«rauth iodide only requiring stronger acid.ilation to hold it in solution than the normal chlor- 
ide Also, intermediate between the behavior of these two lies that of bismuth bromide. The aqueous 
iodidet* form a very deMcnte test for even quite strongly acidulated solutions of bismuth salts, and the bis* 
muth iodide may not i npr<)])e:ly be classed na an " insoluble " snlt (657). 
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365. Alkaline cyanides precipitate the white hydroxide Bi(OH)„ with 
formation of hydrocyanic acid. The precipitate is insoluble in the reagent. 
— Ferrocyanides form a white to yellow precipitate ; ferricyanides a yel- 
low to brownish-yellow precipitate — both normal bismml\ saits, and both 
insoluble in acids. 

Tannic acid throws down bismuth tannate, yellow. 

366. Metallic bismuth is reduced from bismuth solutions, mostly as a 
spongy precipitate, by zinc, iron, tin, lead, copper, and cadmium. 

Potassium or sodium stannite (K,SnO,), when added in excess to bis- 
mutli solutions, causes a black precipitate, from reduction to dibisinuth 
dioxide, Bi,Q^ a very delicate reaction. The stannite is made, when 
wanted, by adding to stannous chloride solution, in a test-tube, enough 
sodium or potassium hydroxide to redissolve the precipitate at first 
formed. 

The basic bismuth nitrate is reduced by grape sugar, in a warm solu- 
tion of fixed alkali carbonate with formation of a blackish-brown liquid 
and dark-gray sediment containing dibismuth dioxide. Also, the recent 
bismuth hydroxide, in suspension with the excess of fixed alkali, is reduced 
by digestion with grape sugar or milk sugar to a black precipitate. 

367. On charcoal, with sodium carbonate, before the blow-pipe, bis- 
muth is readily reduced from all its com[)ounds. The globule is easily fusi- 
ble, brittle (distinction from lead), and gradually oxidizible under the 
flame, forming an incrustation (Bi^O,), orange-yellow while hot, lemon-yel- 
low when cold, the edges bluish-white when cold. The incrustation disap- 
pears, or is driven by the reducing flame, without giving color to the outer 
flame. 

With borax or microcosmic salt, bismuth gives beads, faintly yellowish 
when hot, colorless when cold. 

368. Estimation. — (1) As metallic bismuth formed by fusion with po- 
tassium cyanide. (2) As BijOg formed by ignition of bismuth salts of or- 
ganic acids, or of the salts of volatile inorganic oxyacids. (3) By precipi- 
tation by H^S, and after drying at 100° C, weighing as Bi^S,. (4) By pre- 
cipitation by KjCr^O,, and after drying at 120° C, weighing as BI,0- 

(CrO.),. 

369. Oxidation.— All compounds of bismuth having less than five 

bonds are oxidized to Bi^ by CI, in presence of EOH. The triad is reduced 
to the dyad in presence of EOH by K^SnO^, and by grape sugar. Metal- 
lic bismuth reduces salts of Hg, Ag, Pt, and Au to the metallic state. 
From bismuth salts the free metal is precipitated by Zn, Mg, Al, Cd, Pb> 
Fe, and Cu. 
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CADMIUM. Cd = 111.835. 

370. Specific gravity, hammered, 8.667 (Schroder, 1859). Vapor demity (JEL^1\ 
55.8 (Deville and Troost, 1861). Meltmg point, 320' C. (608'' F.) (Ribmsdyk, 1869). 
Boiling point, 763° to 772° C. (Carnelley and Williams, 1878). 

371. Ooourrence. — Found in greenockite (OdS), and with zinc in many of its ores. 
Preparation. — Reduced by carbon and separated from zinc (approximately) by distilla- 
tion, the cadmium being more volatile. It may be reduced by fusion with H, CO, or 
coal gas. 

372. Properties. — A white crystalline metal, soft, but harder than tin or zinc; more 
tenacious than tin ; malleable and very ductile, can easily be rolled out into foil or drawn 
into fine wire, but at 80° C. it is brittle. It may be completely distilled in a current of 
hydrogen above 800° C. ; only slightly tarnished by air and water at ordinary tempera- 
tures. When ignited burns to CdO. When heated combines directly with Ol, Br, I, S, 
Se, P, and Te. It forms many useful alloys. 

Oxide and Hydroxide. — Its only hydroxide, Cd(OH)3, is formed from its salts 
by precipitation with KOH or NaOH; and its only oxide (OdO), by ignition of 
Od(OH)a, Od(N08)2. OdOaO*, OdOOs, etc. 

373. Solubilities. — It dissolves slowly in hot, moderately dilute hydrochloric or sul- 
phuric acid, with evolution of hydrogen; in nitric acid, more readily with generation of 
nitrogen oxides. — Cadmium forms a single oxide, Cd"0, yellowish-brown, and a corre- 
sponding series of salts, from which it is reducible, in the wet way, only by strong reduc- 
ing agents. It forms numerous double salts, especially haloids. — The hydroxide, sul- 
phide, carbonate, oxalate, phosphate, cyanide, ferrocyanide, and ferricyanide are insolu- 
"ble in water. The chloride and bromide are deliquescent^ and soluble in alcohol as well 
as water; the iodide is permanent, and soluble in water and alcohol; very sparingly in 
ether. The ammonio-oxide and the potassio and sodio cyanides are soluble in water. 

All of its salts that are insoluble in water are soluble in hydrochloric and nitric acids 
and in ammonium hydroxide, except CdS. 

374. Reactions of Cadmium Salts. — Fixed alkalies precipitate from 
solutions of Ciidinium salts — in absence of tartaric and citric acids, and cer- 
tain other organic substances — the white hydroxide, Cd(OH)j, insoluble in 
excess of the reagents (distinction from zinc). Ammonium hydroxide 
forms the same precipitate, which it redissolves. Alkali carbonates preci- 
pitate CdCOg, white, insoluble in excess of the reagents. Barium carbon- 
ate forms a complete precipitate, in tiie cold. — Hydrosulphuric acid and 
sulphides throw down the sul^yJiide, CdS, yellow ; insoluble in cold dilute 
acids, in alkalies, and in alkali sulphides and cyanides, soluble in hot and 
dilute sulphuric acid (compare 375). — Alkali chromates precipitate yellow 
cadmium chromate, from concentrated solutions only, and soluble on addi- 
tion of water.— Phosphates form a white precipitate, readily soluble in 
acids ; oxalates and oxalic acid, cadmium oxalate, white, difficultly soluble 
in acids. Potassic cyanide precii>itates Cd(CN)3, white, soluble in excess 
of the reagent, as K^Cd{C'N)^ ; fenocyanides form a white ; f err i cyanides, a 
yellow precii)itate — botli soluble in hydrochloric acid, and in ammonium 
hydroxide. 

On charcoal, with sodium carbonate, cadmium is reduced before the 



Cadmium, 



95 



blow-pipe to metallic salt, and usually vaporized and reoxidized nearly as 
fast as reduced, thereby forming a characteristic brown incrustation (CdO). 
This is volatile by reduction only, being driven with the reducing flame. — 
Cadmium oxide colors the borax bead yellowish while hot, colorless when 
cold ; microcosmic salt, the. same. 

375. Cadmium may he separated from copper : (1) By the solubility of 
CuS in KCN, CdS being insoluble in KCN ; or, better, by treating the blue 
aminoniacal solution with KCN until the blue color disappears, then H,S 
will precipitate the cadmium as CdS, while the copper remains in solution. 
(2) By reduction of the copper to CUjCl, with SnCl^ and its precipitation 
with milk of sulphur, removal of excess of tin with NH^OH and precipita- 
tion of the cadmium with H^S. (3) The solution is acidified with HCl and 
tiie copper precipitated with hot Na^SjOg, and the cadmium in the filtrate 
is precipitated by (NHJ^S after neutralization with NH^OH. (4) Prom 
the mixed sulphides, CdS is dissolved by dilute hot H,SO^ (one part H,SO^ 
to five of H,0). 



376. Comparison of Certain Reactions of Bismuth, Copper, and Cad- 
mium. 

Taken in Sdutions of their Chlorides, Nitrates, Sulphates, or Acetates. 



KOH or NaOH, in ezoess. 



NH4OH, in 6X0688. 

Dilution of saturated solu- 
tions. 

Iodid68. 



Sulphid68. 
Iron or Zino. 
Sugar, KOH and heat. 
KaSnOa + KOH. 



Bi. 



Bi(OH)3, white. 

Bi(OH)s, white. 
BiOCl, etc., white. 



Partial precip., in 
solutions not 
very strongly 
acid (364). 

BiaSa, black, insol. 
in cyanide. 

B' (spongy precip.) 
(378). 

BiO and Bi (black) 
(366). 

BiaOa (black). 



Ou. 



Ou(OH)a, dark 
blue. 

Blue solution. 



Partial precipitate 
completed by re- 
ducing agents 
(345). 

CuS, black, sol. in 
cyanide (375). 

Ou (bright coating) 
(351). 

Ou2(OH)a (yellow). 



Metallic copper. 



Cd. 



Od(OH)a, white. 



Colorless solution. 



No pre. 



OdS, yellow, insol- 
uble in cyanide. 

Od (gray sponge). 



Metallic cadmium. 



377. Estimation.— (1) It is converted into, an^S^'er ignition weighed as, an oxide ; 
(2) converted into, and after drying at 100" C.^NVeighed as CdS; (3) precipitated as 
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96 Lead. 

Od0204 and titrated by KaMnaOe; (4) precipitated as OdS and reduced with Fes01«, 
and the amount of reduction determined by KsMnaOti. 

378. Oxidation. — Metallic cadmium precipitates the free metals from solutions of 
Au, Pt, Ag, Hg, Bi, Ou, Pb, Sn, and Co ; and is itself reduced by Zn, Mg, and Al. 



LEAD. Pb = 206.471. 



379. Specific gravity^ 11.38 (Reich). Melting pointy 326.2** C. (619.2° F ) (Peeson, 
1849). Valence, a dyad in Pb"0, and in all lead salts ; a tetrad, in PbivOa and in plum- 
bates. 

380. Oocurrence. — Lead is seldom found in the free state in nature. Its chief 
ore is galena (PbS). In smaller quantities it is found, as cerussite, or white lead ore 

^ -^ (PbOOs) ; as anglesite (PbS04), and in very many other minerals. 

^^ 381. Preparation. — From galena (1) It is roasted in the air, forming variable quan- 

^^ tities of PbS04, PbO, and PbS ; then the air is excluded and the temperature raised. 

^11^ and the sulphur of the sulphide reduces both the PbO and the PbS04) SO9 being 

^^ formed : 

DON PbSO* + PbS = 2Pb + 2SOa 

2PbO + PbS = 8Pb + SOa 
(2) Similar to the first except that some form of carbon is used to aid in the reduc- 
tion. (3) It is reduced by fusing with metallic iron (PbS + Fe = Pb + FeS). Fre- 
quently these methods are combined or varied according to the other ingredients of 
the ore. 

382. Properties — A bluish-white, soft metal ; it can be rolled out into sheets, but 
not drawn into wire ; nearly inelastic ; is a poor conductor of heat and electricity •, it 
forms alloys with most metals. Solder is lead one part, tin one part; type metal, lead 
two parts, tin and antimony each one part. Shot contains 0.5 percent, of arsenic. Lead 
is slowly volatile at a white heat. It tarnishes in the air at ordinary temperatures by- 
formation of diplumbic monoxide, PbjO, blackish gray. Pure water, free from air, 
does not affect lead, free from oxide or hydroxide, in the cold ; but granulated lead 
slowly decomposes boiling water, with evolution of hydrogen, and formation of lead 
hydroxide, Pb(OH)a. In water containing air, the hydroxide and basic carbonate are 
fcrmed. This corrosion and solution are greatly promoted by nitrogenous organic mat- 
ters — ammonium salts, and nitrates and nitrites — and .by chlorides ; hindered or pre- 
vented by carbonates, acid carbonates and sulphates. Above the melting point, lead 
gradually oxidizes in the air to ** litharge," PbO. 

383. Oxides. — Lead forms four oxides, PbaO, PbO, PbOa, and Pb304. Lead «m&- 
oxide (PbaO) is little known ; it is the black powder formed when PbCa04 is heated to 
300° C, air being excluded. Lead oxide (litharge, or massicot) is formed by intensely 
igniting in the air Pb, PbaO, PbOa, Pb304, Pb(OH)2, PbOOs, Pb0204, or Pb(N08)9. It 
has a yellowish-white color, melts at a red heat, and is volatile at a white heat. 

384. Triplumbic tetrozide (red lead or minium), Pb304, is formed by heating PbO 
to a dull-red heat with full access of air for several hours. Strong, non-reducing acids, 
such as HNO3, HaS04j HCIO3, etc., convert it into a lead salt and PbOa {a). But con- 
centrated hot HaS04 converts the whole into PbS04. oxygen being evolved (b) But 
with the dilute acid and reducing agents, such as glycerine, sugar. HaCa04, Ha04H40«, 
Zn, Al, Cd, Mg, As, Pb, etc., it i-* all rc«luced to the dyad lead without evolution of oxy- 
gen (r), {d), and (e). Hydracids usually reduce the lead and are themselves oxi- 
dized (/). 



Lead, ^ S7 

(a) Pb,04 + 2H3SO« (dilute) = PbOa -+- SFbSO* + 2H.,0 

(b) 2Pbs04 + 6H3SO4 (concentrated and hot) = 6PbS04 + 6HsO + O3 

(c) Pb,04 + H3O9O4 + 6HNO, = 3(Pb(NO,)a + 4HaO + 200a 

(d) 10Pb8O4 + A84 + 3OH3SO4 = 30PbSO4 + 4H,Ab04 + 24H3O 

(e) Pbs04 + Zn + 4HuS04 = 3PbS04 + ZnS04 + 4HsO 
. (/) Pb,04 + 8H01 = 3Pb01a + Ola + 4HaO 

Xlie valence of Pbs04 is best explained by the theory that it is a union of the dyad 
tsA tetrad (Pb" and Pbiv), Pb,04 = 2Pb"0 + PbivQa). 

d86. Iiead dioxide ov peroxide (PbOa), is formed (1) by fusion of PbO with KOlOs 
or KNO3; (2) by fusing Pb804 with KOH; (3) by treating any compound of Pb'' with 
01, Br, K6Fea(ON)ia, KaMoaOe, or HaOa in presence of KOH; (4) by treating Pbs04 
with non-reducing acids. 

PbsO* + 4HNO, = PbOa + 2Pb(NO,)a + 2HaO 
Ignition forms first Pbs04 and above a red heat PbO, oxygen being given off. It dis- 
solves in acids on same conditions as Pbs04 (see 384). Very strong solution of potassium 
hydroxide, in large excess, dissolves it, with formation of ** potassium plumbate," 
KaPbOs. Lead dioxide is a powerful oxidizing agent, one of the strongest known. Di- 
gested with ammonium hydroxide, it forms lead nitrate and water. Triturated with 
one-sixth of sulphur, or tartaric acid, or sugar, it takes fire ; with phosphorus, it deton- 
ates. 

386. Solubilitieii. — Dilute nitric acid is the proper salifying solvent for metallic 
lead, forming plumbic nitrate with evolution of nitric oxide. Concentrated nitric acid 
ads more slowly. Lead does not dissolve in dilute sulphuric acid, cold or hot, or in con- 
centrated sulphuric or hydrochloric acid, in the cold ; but hot sulphuric acid, containing 
less than twenty-five per cent, water, forms lead sulphate, sparingly soluble in the con- 
centrated acid ; and hot concentrated hydrochloric acid forms, with evolution of hydro- 
gen, and dissolves, a limited proportion of lead chloride. Dilute hydrochloric acid forms 
chloride, but dissolves little of it. 

The oxide, and hydroxide (formed in water, 882), are soluble in 7,000 to 10,000 parts 
of water, to which they give the alkaline reaction. The sulphide, carbonate, phosphate, 
chromate, sulphite, borate, cyanide, ferrocyanide, and tannate are insoluble in water. 
The sulphate and oxalate are very slightly soluble in water ; the chloride, iodide, bro- 
mide, and ferricyanide are sparingly soluble in hot water, still more sparingly soluble in 
cold water. The sulphate and chloride are less soluble in dilute sulphuric and hydro- 
chloric acids than in pure water, but much more soluble in the same acids concentrated 
than in water. Nitric acid increases the solubility of the sulphate and chloride in water, 
more and more, as the nitric acid is stronger — the salts separating again on diluting the 
nitric acid solution. The sulphate and chloride are insoluble in alcohol. The iodide is 
moderately soluble in solutions of alkaline iodides, insoluble in alcohol, decomposed by 
ether. The basic acetates are permanently soluble (if carbonic acid is strictly excluded). 
The basic nitrates are but slightly soluble in water, and are precipitated on adding solu- 
tions of potassium nitrate to solution of basic lead acetate. 

In analysis, the solubility of the chloride, sparing as it is, enables lead to be sepa- 
rated from the other first-group metals. As a final precipitate, in both first and second 
groups, the sulphate is most used. The sulphide precipitate exceeds other tests in 
delicacy. 

387. Fixed alkalies precipitate, from solutions of lead salts, lead hy- 
droxples, Pb(OH)3, white, soluble in excess of the reagents, by combination, 
as potassium or sodium plumbite, K^PbO, (distinction from silver, mercury, 
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bismuth, copper, cadmium). > All the precipitates of lead hereafter given, 
except the sulphide aiid ferricyanide, are soluble in strong solutions of the 
fixed alkali hydroxides, ^' ■' 

The alkaliue solution of l^ad is precipitated by alkaline solutions oi 
— chromic, stannic, stannous, antimonious, and arsenious oxides. Cf^V^i 

Ammonium hydroxide precipit&tes white basic salts, insoluble* jfi^i^^ 
cess (distinction from silver, copper, cadmium): with the chloride* pi^i|J 
precipitate is Pb,OCl, ; with the nitrate, Pb.OjOHNO,. With the aqg{^»*«' " 
in solutions of ordinary strength, excess of ammonium hydroxide (free from 
carbonate) gives no precipitate, soluble tribasic acetate being formed. 

Soluble carbonates precipitate lead basic carbonate^ white, the carbon- 
ate and hydroxide combined in proportions varied by conditions. With 
excess of the reagent, in concentrated solution, the precipitate consists 
chiefly of Pb,(0H),(C03),. Barium carbonate on boiling precipitates lead 
salts (jpmpletely. Free carbonic anhydride precipitates the basic acetate. 

388. Hydrosidphiirio acid and the sidphides precipitate — from neu- 
tral, acid, or alkaline solutions — lead sulphide^ PbS, brownish-black, insol- 
uble in highly dilute acids, in alkalies, or alkali sulphides. Freshly pre- 
cii)itated CdS, MnS, FeS, Gk>S, and NiS, give the same precipitate. H^S 
changes all freshly precipitated lead salts \o PbS. Moderately dilute (15 to 
25 per cent.) nitric acid dissolves lead sulphide, with separation of sulphur 
(equation a) ; concentrated nitric acid changes it mostly to the (insoluble) 
lead sulphate (equation b) — in botli cases with evolution of nitric oxide. 
The oxidation of the sulphur always occurs in the action of nitric acid on 
sulphides, in degree proportioned to the strength of acid, temperature, and 
duration of contact : 

a. 6PbS + 16HNO, = 6Pb{NOs)a + 3S, + 4NO + 8HaO 
h. 3PbS + 8HNOs = 3PbS04 + 8NO + 4H2O 

In solutions 'too strongly acidulated, especially with hydrochloric acid, 
the formation of brick-red basic sulphides, as Pb^SCla, interferes with |)er- 
fect precipitation ; in solutions excessively dilute, only a brown coloration 
occurs without precipitation. Lead is revealed in solutions in 100,000 
parts of water, by this test. 

389. Sulphuric acid and sulphates precipitate, from neutral or acid 
solutions, lead sulphate, PbSO^, white, not chemically changed or perma- 
nently dissolved by acids, excei)t hydrosulphuric acid, yet slightly soluble in 
strong acids, as more particularly stated in 386. Soluble in boiling am- 
monium acetate, and in the fixed alkalies. For solution by transposition 
into soluble salts, see 396. Soluble in warm sodium thiosulphate solution, 
at temperatures not above 68° C. (154° F.) ; (in hot solution, decomposed, 
PbS being one of the products formed, insoluble in thiosulphate) ; dis- 
tinction and separation from barium sulphate, which does not dissolve in 
thiosulphates. 
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This test is from five to ten times legs delicate than th«tft with hydrosul- 
phuric acid ; bnt lead is quantitatively separated as a sulphate, by precipi- 
tating with sulphuric acid in preseiwie of alcohol, and washing with alco- 
hol. If the PbSO^ is heated with K^GrO^, transposition takes place, and 
Jfihl-ijellow PbCrO^ is formed (393). . ,The yellow precipitate is soluble in 
^•CMd^lkali hydroxides, then reproduoed. by acetic acid. Also, excess of po- 
iWj^sa^ixm iodide transposes lead sulphate, the yellow product (392) being a 
* "(Rullliction of lead from barium. 

390. Hydrochlorio acid and soluble chlorides precipitate, from solu- 
tions not too dilute, lead chloride, PbCl,, white. This reaction constitutes 
lead a member of the FIRST GBOUP — as it also is of the second. The 
solubility of the precipitate is such (386) that the filtrate obtained in the 
cold gives marked reactions with hydrosulphuric acid, sulphuric acid, chro- 
mates, etc.; and that it can be quite accurately separated from silver chlor- 
ide and mercurous chloride by much hot water. Also, small proportions of 
lead escape detection in the first group, while its removal is necessarily ac- 
complished in the second group. 

391. Soluble Bromides precipitate lead bromide, PbBr,, white, soluble 
in water to about the same extent as the chloride ; in concentrated solu- 
tions, the precipitate dissolves in excess of the potassium bromide, as 
(KBr)jPbBrj, which is decomposed and precipitated by dilution with water. 
Also soluble in hot solutions of ammonium chloride and nitrate. 

392. Soluble Iodides precipitate lead iodide^ Pbl^, bright yellow and 
crystalline, soluble in about 1,900 parts of cold or 200 of hot water ; soluble 
in hot moderately concentrated nitric acid, and in solutions of fixed alkalies 
not in cold hydrochloric acid; soluble in excess of the alkali iodides, by 
formation of double iodides — with deficient excess of potassium iodide, 
forming KIPbIg ; with superabundance of the same reagent, forming 
(Kl)^Pblj, these double iodides requiring free alkali iodide to hold them in 
solution, and being partly decomposed by undue addition of water, with 
reprecipitation of the lead iodide. Lead iodide is not precipitated in pres- 
ence of sodium citrate ; alkaline acetates also hold it in solution to some 
extent, so that it is less perfectly precipitated from acetate than from 
nitrate of lead. 

393. Soluble Chromates — ^both K^CrO^ and KgCr^O, — precipitate lead 
chromatCy PbOK)^, yellow, soluble in fixed alkali hydrates (distinction from 
bismuth), insoluble in chromic acid (distinction from barium), slightly 
soluble in acetic acid, decomposed by hydrochloric acid and by ammonium 

hydrate. 

394. Disodium hydrogen phosphate precipitates trimetallic lead phosphate, Pbs- 
(P04)9, white, insoluble in dilute acetic acid (compare 216), soluble in nitric acid and 
fixed alkalies: 

8Pb(N08)2 + SNaaHFO* = Pb,(F04)a + 6NaNO, + H,P04 
And H,PO« + NaaHPO* = SNaHaPO* 
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Therefore, if there is excess of phosphate, the full reaction will be; 

^ 8Pb(NO,)2 + 4NaaHPO« = Pb,(P04)a + ttNaNO, + 2lA9J£L^VO^ 

Alkali oxalates precipitate Uad oxalaie, FbOs04, white, insoluble ia aoetic acid, solu- 
ble in potassium and sodium hydroxide solutions, and in nitric acid. 

Alkali sulphites — ^as NaaSOs— precipitate lead mlphite, PbSOs, white, less soluble in 
water than the sulphate, slightly soluble in sulphurous acid, decomposed by sulpttuno^ 
nitric, and hydrochloric acids. ' 

396. Soluble cyanides — as KON — precipitate lead cyanide, fni>(CN)s, white, soluble 
in a very large excess of the reagent, reprecipitated on boiling.— Ferrocyanide8—a» 
K4Pe(ON)e — precipitate ferrocyanide, PbaFe(ON)e, insoluble in dilute acids. — Peril- 
cyanides form, in concentrated solutions, a dark brown precipitate, slightly soluble in 
water. — Snlphocyanates form, in concentrated solutions, a yellow crystalline precipitate 
of lead sulphttcyaruttey Pb(ON8)3, soluble in water, decomposed on boiling, with precipi- 
tation of basic sulphocyanate, PbOH^ONS), white. 

396. Tannic acid precipitates solutions of lead acetate, and partly the nitrate, as yel- 
low-gray tannate of lead, soluble in acids. Solution of lead acetate precipitates a large 
number — and solution of lead subacetate a still larger number— of organic acids, color 
substances, resins, gums, and neutral principles. Indeed, it is a rule, with few excep- 
tions, that lead subacetate removes all organic aolds (not acetic, formic, butyric, valeric, 
or hictic). Ammoniacal solution of lead acetate is used as a reagent, as a form of basic 
acetate (387). 

397. Lead salts when fused on porcelain with NagOOi are converted into PbO («)• 
if charcoal is added metallic lead is formed {b). Long continued fusion on charcoal may 
ciiange the acid radical also (c). 

(a) PbOla -f NaaOOs = 2Na01 + PbO + OOa 

(6) 2PbS04 -f 2Naa008 + O = 3Pb + SNaaSO* + 300, 

(c) 2PbS04 + 2NaaOO, + 50 =* 2Pb + 2NaaS 4- 700a 

After fusion the aqueous solution is tested for acids and the residue for bases after dis- 
solving in HNOs or HOaHsOa. 

398. With borax and microcosmic salt, strictly in the outer flame, lead oxide and oxi- 
dized compounds give a bead yellow when hot, becoming colorless when cold ; due to 
formation of lead borate or phosphate, fused in the glass. If the least reducing action is 
allowed to bear on the bead, the test is spoiled, and the platinum wire is spoiled likewise* 
(S«-e under Platinum.) 

399. Estimation. — (1) As an oxide into which it is converted by ignition (if a carbon- 
ate or nitrate), or by precipitation and subsequent ignition. (2) As a sulphate. Add to- 
the solution twice its volume of alcohol, precipitate with Ha804, and after washing with 
alcohol ii^nite and weigh. (3) It is converted into an acetate, or sodium acetate is added 
to the solution, then precipitated with KaOraO?, and after drying at 1(X)° C. weighed as 
PbOr04. (4) It is converted into PbS, free sulphur added, and after ignition in hydro- 
gen gas weighed as PbS. 

400. Oxidation. — Pb" is oxidized to Pbiv, as stated in (385). Pbiv is reduced to 
Pb" in presence of dilute HaS04 by nascent hydrogen, and by all metals capable of pro- 
ducing nascent hydrogen (such as Al, Zn, Sn, Mg, Fe), and by soluble compounds of 
(Hga)", Sn'', Sb'", As'", (AsH, gas). Bi", (Oua)", Fe", (Ora)vi, Mn", Mn"', Mniv, 
Mnvi. Also by HaOa04, HNOa, H,POa, HsPOs, P, SOa, HaB, HOI, HBr, HI, HOy, 
HONS, H4Fe(ON)fl, glycerine, tartaric acid, sugar, urea, and very many organic com- 
poun<ls. In many cases the same retluction takes place in presence of KOH. 

From lead solutions Zn, Mg, Al, Oo, and Od precipitate metallic lead. And metallie 
lead precipitates the free metals from solutions of Au, Pt, Ag, Hg, Bi, and Ou. 

^ o^^^i Ai\.: . ■ / . • - .-.( / '■/.■'. ' ' . > . . - 
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SILVER. Ag = 107. 675. 

401. Specific gravity, precipitated, 10.55^32 (G. Rose, 1848). Melting point, 954° C. 
(1749° F.)(VioLLE, 1S77). Vaporizes at 1570° C. (V. and C. Meyer, 1879). Valence, a 
monad in Ag'aO and in silver salts. * 

402. Occurrence. — Found in a free state; oftener in combination ; its most impor- 
tant ores are argentite, or silver glance (AgaS), pyrargyrite (AgaSbft,), and hm'ii silver 
^AgOl), and it is frequently found in paying quantities in galena (PbS), and copper py- 
rites, and in many other ores. 

403. Preparation. — The limits of this work do not permit a description of the metal- 
lurgy of silver. Chiefly three methods are employed: (1) It is alloyed with lead by fusion 
^iid the lead separated by oxidation. (2) It is amalgamated with mercury and then the 
mercury separated by distillation. (3) It is brought into solution and the metal precipi- 
tated by copper. Silver is very easily rediLced from its oxide by heat alone, and from all 
its compounds by ignition with H, O, OO, and by the organic carbon compound in which 
the carbon has less than four bonds. It is also reduced without the aid of heat by cer- 
tain metals, etc. (348). 

404. Properties. — Silver is the whitest of metals, harder than gold and softer than 
•copper; silver is hardened by copper. United States silver coin contains 90 per cent, 
fiilver and 10 per cent, copper. In malleability and ductility it is inferior only to gold ; 
■and as a conductor of heat and electricity it exceeds all other metals. 

406. Oaides. — Silver forms three oxides — AgaO, Ag40, AgaOa. Silver oxide, ar- 
gentic oxide (AgaO) is formed by the action of KOH or NaOH on silver salts or by heat- 
ing the carbonate to 200° C. It is a brown powder, a strong oxidizing agent, partially 
decomposed by light, completely decomposed by heat at 300° C. into metallic silver and 
oxygen. Argentous oxide (called also suboxide, quadrantoxide, and tetrantoxide), Ag40, 
is formed by heating silver citrate to 100° C. in hydrogen gas, dissolving in water and 
precipitating with KOH. It is a black powder, easily decomposed by heat, soluble in 
KH4OH; decomposed by oxyacids forming metallic silver and a silver salt; with HCl 
forming argentous chloride (AgaOl). Silver peroxide (AgaOa) is a black powder formed 
by treating metallic silver or silver oxide with ozone or peroxide of hydrogen. Oxyacids 
reduce it, forming a silver salt and evolving oxygen. HCl reduces it to AgOl, evolving 
free CI. Silver forms no definite hydroxides. 

406. Solubilities. — Silver is not oxidized by water or air at any temperature, but is 
oxidized by ozone, is readily attacked by chlorine, bromine, or iodine, and is soon tar- 
nished in air containing hydrosulphuric acid, or in contact with sulphides or certain or- 
ganic substances containing sulphur, by formation of silver sulphide; also, by substances 
easily liberating phosphorus, as silver phosphide. As silver is easily reduced from its 
salts, these act as oxidizing agents of considerable force. 

407. The proper solvent of silver is nitric acid, most efficient when about fifty per 
oent., but active whether concentrated or dilute — with production of nitric oxide as the 
ohief residual product. Hot concentrated sulphuric acid forms sulphate, which is spar- 
ingly soluble ; and hot concentrated hydrochloric acid forms silver chloride, slightly 

.soluble in the concentrated reagent, but precipitated on dilution. The fixed alkalies do 
not act upon silver in the wet or dry way ; hence, silver crucibles are u^ed instead of 
platinum for fu^;ion with caustic alkali. Silver, in the form of a precipitate, is veiy 
slowly acted upon by strong aqueons ammonia, dissolving as a nitride. — There is but a 
single series of salts of silver — those represented by Ag', and sometimes designated 
argentic salts. 

408. The nitrate, acetate, and sulphate form permanent anhydrous crystals. The 
salts of silver are chiefly colorless, except the ortho-phosphate and arsenite, yellow; the 
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arseuiate, reddish-brown; the iodide, yellow; the bromide, yellow-white; the sulphide, 
black. Normal silver salts do not redden litmus. 

409. Silver forms a greater numl ei* of insoluble salts than any other metal; though, 
in this respect, there is but little difference between the first-group bases. The oxide, 
sulphide, chloride, bromide, bromate, iodide, iodate, cyanide, ferrocyanlde, ferricyanide, 
carbonate, oxalate, phosphate, arsenite, arseniate, sulphite, and tartrate are insoluble 
in water; the sulphate is soluble in 200 parts of cold, and less than 100 parts of boiling 
water. The acetate is soluble in 100 parts of water. The borate, thiosulphate, and 
citrate are very sparingly soluble in water. The ammonium silver oxide and the nume- 
rous ammonium silver salts, the double cyanides, iodides, and thiosulphates of silver and 
alkaline metals, are soluble in water. The chloride is sparingly soluble in strong hydro- 
chloric, nearly insoluble in nitric and dilute sulphuric acids ; soluble, to some slight 
extent, in solutions of all soluble metallic chloiides (except calcium and zinc chlorides), 
especially soluble with sodium chloride (double chloride being formed); alfp soli|l;rle with 
certain other alkali salts, and in concentrated solution of mercuric nitrat^. f\)iA nitrate 
is sparingly soluble in alcohol and in ether, and soluble in glycerine. 

410. Both the oxy-salts and haloid salts of silver, which are insolul^e in water, are 
dissolved by ammonium hydroxide, except the sulphide and iodide; by cold dilute nitric 
acid, except the chloride, bromide, iodide, bromate, iodate, and the haloids of cyanogen 
and its compounds ; by solution of potassium cyanide, except the sulphide ; and by al- 
kali thiosulphates, almost without exception. 

In analysis, silver is completely precipitated as a chloride, in the first group (413), 
and the solubility of this prec.pitate in ammonium hydroxide separates it from the other 
first-group bases. Reduction to metallic silver is sometimes employed in analysis (443). 

411. The fixed alkali hydroxides precipitate, from solutions of silver 
salts (in absence of citrates), silver oxide, Ag,0, grayish-brown (329), insol- 
uble in excess of tlie reagents ; easily soluble in nitric, acetic, and fuI- 
ph iric acids, and in ammonium hydroxide ; somewhat soluble in ammoni- 
um salts; soluble in alkali cyanides and thiosulphates; also, soluble in 
about 3,000 parts of water. 

Ammonium hydroxide, in neutral solutions of silver nitrate, forms the 
sani" precipitate, silver o^SW|Hfcery easily dissolving in excess, by formation 
of ammoniitlffi silver oxide, NH^AgO.* " In solutions containing much free 
acid, all precipitation is prevented by the ammonium salt formed. 

The ammoniacalsQ^tion of silver is not immediately precipitated by 
addition of excess QhKK. alkalies in the cold, but on boiling a black jft'ecipi- 
tate is formed. FiVm the cold ammoniacal solution containing fixed alka- 
lies a precipitate gi-adually forms. This precipitate contains fnlminatinff 
silver — a black powder, which explodes with dangerous violence by friction 
or by drying above ordinary temperatures. Fulminating silver may also be 
deposited from ammoniacal solutions of silver, on standing, and by digest- 

♦ This formula accords with the results of a series of volumetric determinations made by Mr. D. E. Os- 
borne and the author (Jour. Am. Chem. Soc., 1880). If silver replaces hydrogen of ammonium, the formula 
would be (NH[,Afir)20— the molecule of which, with a molecule of water, would make two molecules 
formed as given in the text. For the latter, we have : 

AffKO, + 2NH4OH = NH4A8rO + NH4NO3 + HsO 
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fng oxide of silver with stroug ammonium hydroxide. Its production, in 
the way first mentioned, is most favored by a slight excess of the fixed 
alkali.* 

412. HydrosidphiLric acid and alkali sulphides precipitate from neu- 
tral, acid, or alkaline solutions, silver sulphide, Ag,S, black, soluble iu 
moderately concentrated nitric acid (distinction from mercury), not in so- 
lution of potassium cyanide (distinction from copper) ; insoluble in alkali 
sulphides (distinction from tin, etc.) 

413. Hydroohlorio acid and the soluble chlorides precipitate silver 
chloride, AgCl, white, curdy, separating on shaking the solution ; turning 
violet to broWn in the light (from formation of argentous chloride, Ag^Cl), 
very easily soluble in ammonium hydroxide, as ammomo silver chloride, 
(NH3),(AgCl),. The precipitate, also, is slowly soluble in concentrated 
solution of ammonium carbonate ; and is fusible without decomposition. 
For solubilities of the precipitate — indicating the conditions of delicacy in 
the test — see 409 and 410. This precipitation is the most delicate of the 
ordinary tests for silver; being recognized in solution in 250,000 parts of 
water, and enables us wholly to remove this metal IN THE PIKST 
GBOUP of bases. 

414. Soluble bromides precipitate silver bromide, AgBr, white, with a 
slight yellowish tint, but slightly soluble in excess of potassium bromide, 
and much less easily soluble in ammonium hydroxide than silver chloride. 
Soluble iodides precipitate silver iodide, Agl, pale yellow, easily soluble in 
excess of the reagents by formation of double iodides, as !KIAgI. The 
double iodide is decomposed by dilution with much water, and all the silver 
reprecipitated as iodide. The precipitate is scarcely at all soluble in am- 
monium hydroxide (one part dissolving in 2,600 parts of ten per cent, solu- 
tion of ammonia). Concentrated nitric acid slowly dissolves it. Regard- 
ing other solubilities of argentic bromide and iodide, see 409 and 410. 

415. Potassium cyanide, or hydrocyanic acid, precipitates, from neu- 
tral or slightly acid solutions, silver cyanide, AgCN, white, quickly soluble 
in excess of the reagent, as potassium silver cyanide, KAg(CN)j. By for- 
mation of these double cyanides, the various compounds of silver are ren- 
dered soluble through treatment with alkali cyanides; also, a soluble iodo- 
cyanide is formed. Silver cyanide is readily soluble in ammonium hydrox- 
ide, and promptly decomposed by hydrochloric acid. 

416. Potassium ferrocyanide precipitates silver ferrocyanide, Ag^Fe- 
(CN)g. yellowish-wliite, difficultly soluble in ammonium hydroxide; on boil- 
ing metallic silver separates and a ferricyanide is formed, not decomposed 
by hydrochloric acid, changed by nitric acid to the ferricyanide. Exposure 

♦ The composition of tliis substance, known as Bertliollet's Fulminating Silver, has not been determined, 
but it contains nitrogen. It is distinct from the silver fulminate, Agra'CN^aOat represented by fulminicacid, 
and isomeric with cyanates. 
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to the air gives it a blue tiuge. — ^Potassium ferrioyanide precipitates silver 
feiricyauide, redtlisii-yeJlow, soluble in ammouium hydroxide. 

417. Alkali carbonates precipitate silver carbonate, AgaOOs, white or yellowish- 
white, slightly soluble in water, somewhat soluble in excess of fixed alkali carbonates, 
quite soluble in ammonium carbonate ; soluble in nitric acid and in ammonium hydrox- 
ide; changed by boiling to silver oxide. Barium carbonate does not affect solution of 
silver nitrate. 

418. Oxalic acid, and oxalates, precipitate silver oxalate, Ags0304, white, slightly 
soluble in water, sparingly soluble by dilute nitric acid, readily soluble in solution of 
ammonium hydrate. It detonates when heated. 

419. Disodiiun hydrogen phosphate precipitates trimetallic aiher ortho-phosphate, 
AgsP04, yellow, soluble in dilute nitric acid, in phosphoric acid, and in animonium 
hydrate ; but little soluble in dilute acetic acid. — Pyrophosphates — as Na4Pa07 — precipi- 
tate silver pyrophosphate, Ag4Ps07, white, insoluble in acetic acid, soluble in dilut^ 
nitric and phosphoric acids, and in ammonium hydroxide. 

420. Arseniates — as NasA804— precipitate red-brown silver arseniate, Ag^AsOi, 
having the same solubilities as the ortho-phosphate. — ^Arsenites — as NasAsOs— precipi- 
tate silver arsenite, AgsAsOs, yellow, quickly soluble in dilute acids and in ammonium 
hydroxide. 

Ohromates— as KsOr04— precipitate silver chromate, Ag30r04, dull-red, sparingly 
soluble in water, not much more soluble in dilute nitric acid. 

Thiosulphates— as NaiSiOs — precipitate silver thiosulphate, AgaSaOs, white, very 
instable, and readily soluble in excess of the precipitants, by formation of double thiosul- 
phates. That formed by sodium thiosulphate is first NaAgSaOa, with excess of the thio- 
sulphate, Na4 Ag3(SaOs)s ; and corresponding thiosulphates of silver and potassium are 
formed. By standing or heating, the precipitate turns black, as AgaS. 

AgaSaOa + HiO = AgaS + HaSO* 

Thiocyanates give AgONS, insoluble in dilute HNOa. 

421. By a. gradual reduction of the silver with certain reagents, it is obtained as a 
bright silver coating upon the inner surface of the test-tube, or other glass vessel. A 
somewhat dilute solution of ammonio nitrate of silver, treated with a dilute alcoholic so- 
lution of oils of cloves and cassia — the latter solution not in excess — gives this result. 
The coating is also obtained by adding to solution of silver nitrate a very little aqueous 
solution of chloral hydrate, and then a slight excess of ammonia; the ammonium formi- 
ate, gradually produced by decomposition of the chloral witli alkali, deoxidizes the am- 
monio silver nitrate. A silver deposit on glass may sometimes be made to assume the 
form of a compact and lustrous coating, by rubbing with a glass rod. In these deoxida- 
tions, generally, the nitric acid radical of silver nitrate is not decomposed, but nitric acid 
is left. 

4AgN03 + 2HaO = 4Ag + 4HNO3 + Oa 
See, as an example, the statement of the reaction between arsenious hydride and sil- 
ver nitrate, under Arsenious Acid. 

Light decomposes most compounds of silver, with blackening from formation of 
metallic silver or of aigentous oxide, Ag40, or of both. The nitrate in crystal or pure 
water solution, fhe phosphate, iodide, and cyanide, are not decomposed by light alone ; 
but light greatly hastens their decomposition by organic substances, or other reducing 
agents — as of solution of silver nitrate in rain-water, or written as an ink upon organic 
fabrics. The base of most indelible inks is silver. 

422. Silver nitrate and chloride fuse undecomposed, but decompose at a higher heat. 
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Most silver compounds, heated in the glass-tube, leave a metallic residue. On Oharcoal, 
with sodium carbonate, silver is reduced from all its compounds in the blow-pipe flame, 
attested by a bright malleable globule. Lead and zinc, and elements more volatile, may 
be separated from silver by their .gradual vaporization under the blow-pipe. Copper and 
iron are removed along with larger quantities of lead, previously added for this purpose, 
either as metallic lead or by reduction from litharge. (See descriptions of Cupellation^ 
in works on general chemistry, and more fully in works on assaying of precious metals). 

423. To identify the acid of silver salts which are insoluble in HNOs (AgCl, AgBr, 
Agl), (1) Add metallic zinc and a drop of H3SO4; when the silver is all reduced test for 
the acid in the filtrate. (2) Fuse with NaaOOs, add water, and test the filtrate for acids. 
<3) Add HaS, and proceed in the same manner. (4) Boil with KOH or NaOH (free from ' 
HCl), and test the filtrate in the same manner. It must not be overlooked that by the 
first three methods, and not by the last, bromates and iodates are reduced to bromides 
and iodides. 

424. Estimation. — (1) As metallic silver, into which it is converted by direct ignition 
if it is the oxide or carbonate, or by ignition in hydrogen if the chloride, bromide, iodide, 
or sulphide. (2) It is precipitated as AgCl, and after igniting to incipient fusion (260° 
O.) weighed. (3) It is converted into AgaS by HaS, and weighed after drying at 100° C. 
Inadmissible in case of an acid that might liberate free sulphur. (4) Add KON until a 
^ution of KAg(ON)3 is formed, precipitate with HNOs, and after drying at 100° C. 
weigh as AgCN. (5) Volumetrically, by adding a graduated solution of NaOl until a 
precipitate is no longer formed. This may be varied by adding the measured silver solu- 
tion to the graduated NaOl solution, containing a few drops of KaOr04, until the red 
precipitate begins to form. (6) Volumetrically, add a graduated solution of ammonium 
thiocyanate, containing ferric sulphate, until the red color ceases to disappear. 

426. Oxidation. — Metallic silver precipitates gold and platinum from their solu- 
tions, and is precipitated as metallic silver from its solutions by Zn, Mg, Al, Cd, Pb, Ou, 
<Oua)", Sn, Sn", Hg, Bi, Te, Sb, SbHa, As, AsHs, P, HaPOa, HaSOa, and is reduced in 
presence of KOH by (Hga)", Sn", As'", Sb"S Bi", Mn", and (Oua)". Also by FeSO* 
when cold (incompletely), and redissolved on boiling, the ferric sulphate first formed 
being again reduced to FeS04. 

MEBCURY. Hg== 199.712. 

426. Specific gravity^ liquid, 13.596 (Volkmann, 1881); solid, 14.193 
(Mallet, 1877). Melting {freezing) 2)oint, -38.8° C. (-38° F.) Stewabt. 
Boiling point, 357.25° C. (675° F.) (Regnault, 1860). Vapor density 
(H = 1), 200.93 (V. Meyer, 1880). Valence, a dyad in Hg"0 and in ^iier- 
curie salts ; a pseudo-monad in (Hg,)"0, and in mercurous salts. 

427. Occurrence. — Found native, but its chief ore is cinnabar (HgS). 
''It is also found as Hg^Clg and as an amalgam with gold and silver. 

Preparation. — From HgS. (1) It is roasted in the air ; HgS + O, = 
Hg + SO,. (2) Lime is added and the mercury distilled ; 4HgS + 4:CaO^= 
SCaS + CaSO, + 4Hg. 

428. Properties. — It is the only metal which is a liquid at ordinary 
temperatures ; white when pure, and liaving a brilliant silvery lustre. It is 
slightly volatile at ordinary temporal mvs. Divided in globules invisible to 
the unaided eye, and separated by niiniite iiinis of liquid or solid foreign 
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matter^ mercury appears as a dark gray powder. It is not oxidized by 
agitation with air or oxygen — the tarnish acquired on the surface of coin- 
mercial mercury, by exposnre to the atmosphere, being due to intermixture 
of foreign metals ; but by agitation with water, or witJi various substances, 
the metal is ** extinguished," or divided to the gray pulverulent form, which 
contains some mercurous oxide when so prepared. Also, the gray pulver- 
ulent mercury is precipitated by reduction from salts in solution. Aqueous 
solutions of alkali clilorides, with access of the air, gradually act upon 
mercury by formation of mercuric chloride. Solution of potassium per- 
manganate oxidizes mercury — forming mercurous oxide, manganic hydrox- 
ide and potassium hydroxide. 

429. Solubilities. — IMie most effective solvent of mercury is nitric 
acid. It dissolves readily in the dilute acid hot or cold ; with the strong 
acid, heat is soon generated ; and with considerable quantities of material, 
the action acquires an explosive violence. At ordinary temperatures, niti'ic 
acid, when applied in excess, produces normal mercuric nitrate, but when 
the mercury is in excess, mercurous nitrate is formed ; in all cases, chiefly 
nitric oxide gas is generated. Both mercurous and mercuric nitrates re- 
quire a little free nitric acid to hold them in solution. This free nitric acid 
gradually oxidizes mercurosum to mercuricum, making a clear solution of 
Hg(N03),, if there is sufficient HNO, present, otherwise a basic mercuric 
nitrate may precipitate. A solution of mercurous nitrate may be kept 
free from mercuric nitrate by placing some metallic mercury in the bottle 
containing it ; still after standing some weeks a basic mercurous nitrate 
crystallizes out, which a fresh supply of nitric acid will dissolve. Chlorine — 
in aqueous solution, or formed in nitro-hydrochloric acid — dissolves mercury 
slowly, to mercuric chloiide. Hydrochloric acid does not dissolve mercury. 
Bromine and iodine i)romptly unite with mercur}^. Dilute sulphurio acid 
does not act upon mercury ; but the concentrated acid, when heated, dis- 
solves it with moderate rapidity, evolving sulphurous anl»ydrido. 

430. Oxides. — Mercurotcs oxide (Hg^O) is formed by treating mercur- 
ous oxy-salts or Hg^Clj with EOH or NaCH. It is a black powder which a 
gentle heat changes to HgO and Hg, and a higher heat into Hg and O. 
Mercuric oxide, HgO, is made (1) by keeping .Hg° at its boiling point for 
a month or longer in a flask filled with air ; (2) by heating 'Rg^{'NO^)^ or 
Hg(N03)2 with about an equal weiijht of metallic mercury, 

Hg(N03)a + 3Hg = 4HgO + 3NO; 

(3) by precipitating mercuric salts with EOH or NaOH. Made by (1) and 
(2) it is red, by (3) yellow. On heating it changes to vermilion red, then 
black, and on cooling regains its original color. A red heat decomposes it 
completely into Hg° and 0°. Mercury forms no hydroxides. 

431. Mercury forms two well-marked classes of salts — mercurous and 
mercuric ; — mercurous compounds being permanent in the air, but changed 
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by powerful oxidizing agents to mercuric compounds. The latter are some- 
what more stable^ but act as oxidizing agents in many relations. Mercury 
as a noble metal is nbtditobgly electro-positive; and many reducing agents 
change mercuric compounds^ first to mercurbus combinations, and then co 
metallic mercury. 

Solutions of mercurous and mercuric salts redden litmus. Mercuric 
chloride is permanent; nitrate, deliquescent. 

432. MEBCXJBOnS compounds, of ordinary occurrence, are insoluble 
in^water^iexcepl the morjnul nitrate.; ihe. sulphate and the ucetate are spar- 
ingly soluble (tliat is, in 300 to 600 parts of water). And these require 
acidulated water for their full solution ; becoming decomposed by water, at 
a certain degree of dilution, with precipitation of basic salts (326). 

Mercurous chloride is very slowly sohible by cold concentrated solutions 
of alkali chloride^, somewhat more rapidly when heated, the solution being 
due to formation of mercuric chloride and mercury. Dilute hydrochloric 
acid, at ordinary temperatures, fails to dissolve mercurous chloride ; but 
when heated it gradually causes the formation of mercuric chloride and 
mercury, the action being very slow with dilute acid, tolerably rapid with 
concentrated acid. In presence of certain organic substances, the resolu- 
tion into mercuric chloride and mercury takes place at 38° to 40° 0. (100^ 
F.) Free chlorine, and nitrio a,cid, quickly dissolve mercurous chloride, 
as mercuric salt. 

In analysis, mercurous compounds are precipitated, from solution, as 
chloride, in the first group, and this precipitate is distinguished from 
others in the group, by blackening with ammonium hydroxide. The iden- 
tification of mercury, by reduction to metallic state, is the same as with 
mercuric compounds. 

433. Beactions of merotirous salts. — Fixed alkali hydroxides pre- 
cipitate from solutions of mercurous salts, mercurous oxide, Hg^O, black, 
insoluble in alkalies. 

Solution of anmionium hydroxide produces black precipitates ; that 
from solution of mercurous nitrate being (NH^Hg^NO,, nitrogen dihydro- 
gen dimercurous nitrate,* black, insoluble in alkalies, soluble in acids : 
Hg,(N08)a + 21fH4H0^1THaHg2N03 + NH4NO3 4- 2HaO 

Mercurous chloride, white, is changed by ammonium hydroxide to 
^nijHgjCl, nitrogen diiiydrogen dimercurous chloride, or dimercurous 

♦ The compoandfi produced by action of ammonium hydroxide on mercnry compounds are considered 
as substitutions of Hgr for a certain number of atoms of H in NH4 (ammonium). The substitutions formed 
from mercurous compounds contain (30J parts by weight or) one atom of Hgr (.acting as a monad) for each 
atom (1 part) of H displaced ; they are termed mercurous-ammoniums ; mercurosammonium being 
NHsHfr; di-mercnrosammoniam, NHaHgra ; tri-mercurosammonium, NHHfiTs.etc. The substituti ns 
formed in ammonium by mercury from mercuric compounds contain one atom of Hgr (acting as a dyad) for 
two atoms of H displaced ; they are desi^nnted as mercurammoniums ; mercurammonium being 
(NHs^aHgr ; di-mercurammonium, NH^Hg" : tii-morcnrammonium, (NH^aHgTa I tetra-mer^rrammo- 
niam, NHfir?- 
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ammonium chloride, black (diatinctiou from lead), decomposed by acids, 

insoluble in ammonium hydroxide (distinction from silver) : 

HgaOl, + 2NH«HO = NHaHgsOl + NH4OI + 2HaO 

434. Solutions of the carbonates of the fixed alkali metals precipitate 
an instable mercurous carbonate, Hg^CO,, gray, blackening to basic car- 
bonate and oxide when heated. Ammonium carbonate reacts like ammo- 
nium hydroxide. BaCOj, SrCO,, CaCO,, and MgCO, precipitate mercur- 
ous salts, in the cold. 

435. Hydrosulphtirio aoid, and soluble sulphides, precipitate, not 
:Hg,S, but HgS -f Hg, insoluble in (NHJ,S, but normal K,S, in presence 
of EOn, dissolves the HgS, and leaves the Hg as a residue. 

436. Hydrochloric acid and soluble chlorides form a white precipitate 
of mercuroHS chloride, Hg^Clj, " calomel " — placing the mercurous base 
IN THE PIBST GROUP. For relations of the precipitate to solvents, see 
432 ; to ammonium hydrate, see 433 ; fixed alkalies blacken it by formation 
of Hg,0 (433). 

437. Soluble bromides precipitate mercurous bromide, Hg,Br„ yellow- 
ish white, insoluble in water and in alcohol, insoluble in dilute nitric acid. 

438. Soluble iodides precipitate mercurous iodide, Hg,I„ greenish-yel- 
low — ** the green iodide of mercury." The precipitate from mercurous ni- 
trate contains more or less mercuric iodide ; that from the acetate is 
nearly pure Hg^I,. 

Mercurous iodide is nearly insoluble in water, insoluble in alcohol (distinction from 
mercuric iodide), somewhat soluble in ether, slowly soluble in part by aqueous solutions 
of alkali iodides (excess of the precipitants), being first decomposed to mercuric iodide 
and mercury, which last remains undissolved : 

HgJa + 2KI = Hg + (KI)aHgl2 

Ammonium hydroxide solution slowly decomposes and partially dissolves mercurous 
iodide. 

By sublimation, and to some extent by exposure to light, mercurous iodide is changed 
to mercuroso-mercuric iodide, HgLHgls. yellow — with separation of metallic mercury. 
When the precipitate by iodide of potassium, in solution of mercurous nitrate, is made in 
Tery dilute solutions or is allowed to stand for some time, it consists chiefly of this — "the 
yellow iodide of mercury." It is strictly insoluble in alcohol; melts and sublimes unde- 
<;<jm posed, and is affected by alkali iodides like mercurous iodide. 

439. Alkali cyanides, also hydrocyanic acid, resolve mercurous salts into metallic 
mercury, a gray precipitate, and mercuric cyanide, which remains in solution. — Ferro- 
cyanides form a white, gelatinous; ferricyanideSj a red-brown precipitate. 

Alkali phosphates — as NaaHP04 — precipitate the white mercurous pho^hate, 
HgsP04, when the reagent is added in excess; the yellow mercurous phosphate-nitrate, 
HgsP04.HgN03, when mercurous nitrate is in excess. — Ohromates precipitate the 
ovB.n^^e-je\\owi mercurous chromnte, basic; cliaiiged by dilute nitric acid to the normal 
HgiCr04; by strong nitric acid changed to mercuric chromate, and dissolved. — Oxalic 
acid and oxalates precipitate the white mercurous oxulate^ Hg30a04. slightly solul)le in 
dilute nitric acid. 



Mercury. 10^ 

Soluble sulphates precipitate, from solutions not dilute, the white mercuroua sulphate^ 
HgaS04, sparingly soluble in water (432); decomposed by boiling water with precipita- 
tion of a basic sulphate ; more soluble in dilute nitric acid ; blackened by ammonium 
hydroxide and fixed alkalies (distinction from other sparingly soluble sulphates). 

440. Mercurous compounds are reduced to metal by the same reducing 
agents that reduce mercuric compounds to metal ; but not by all the reduc- 
ing agents capable of converting mercuric to mercurous combinations, as 
more fully specified in 448. As to oxida ion of mercurous compounds, see 
461. — The reactions in the dry way are nearly the same as those for mer- 
curic compounds (449). 

441. MEBCUBIC oxide, sulphide, iodide, iodate, basic carbonate, oxal- 
ate, phosphate, arseniate, arsenite, ferrocyanide, and tartrate are insoluble in 
water. The bromide is soluble in 250 parts of cold, or one-tenth that pro- 
portion of boiling water. The acetate and cyanide are freely, the chromate 
and citrate sparingly, soluble in water. The doable iodides of mercury, and 
the metals of the alkalies and alkaline earths, are soluble in water — that is, 
mercuric iodide is soluble in aqueous solutions of alkali iodides. The 
double bromides dissolve in a smaller proportion of water than the bromide. 
Except the chloride, the ordinary mercuric salts which are soluble in water 
are so only by presence of free acid being partially decomposed by water, 
with separation of basic salts (326). In work with solution of mercuric 
nitrate, some of the reactions are modified by the free acid, always pres- 
ent. — Mercuric sulphate is soluble in very dilute sulphuric acid. — Tlie 
chloride is soluble in about 12 parts of cold, or two to three parts of boiling 
water ; freely soluble in alcohol and in ether. 

In analysis, the second-group precipitate of mercury sulphide is separat- 
ed by its insolubility in dilute nitric acid. The final form, in determina- 
tion of mercury, is usually the metallic state (448 a, or 449). 

442. Beaotions of merourio salts.— Solutions of the fixed alkali hy- 
droxides, added, short of saturation, to solutions of mercuric salts, pre- 
cipitate reddish-brown basic salts ; when the reagent is added to supersatii- 
ration, the orange-yellow mercuric oxide, HgO, is precipitated. Prepared 
in the dry way, mercuric oxide is obtained red — the "red precipitate" of 
the shops. From very acid solutions, the precipitate is incomplete*or does 
not form at all, owing to its solubility in alkali salts. It is very slightly 
soluble in water. In presence of an ammonium salt, the white precipitate 
(443) is formed. Certain organic acids interfere with the precipitation. 

443. Ammoniiun hydroxide produces a "white precipitate," recog- 
nizable in very dilute solutions; that with neutral solution of mercuric 
chloride being (NH,B[g)Cl, nitrogen dihydrogen mercuric chloride (a) ;, 
that with hot dilute solution of mercuric nitrate and excess of ammonia 
being (iraCgjNO,, nitrogen dimercuric nitrate (b). The precipitatt s are 
easily soluble in hydrochloric acid ; sparingly soluble in strong ammonium 



no Mercury. 

hydroxide, which should not he used in excess in precipitation. They are 
also more or less soluble in ammonium salts, and especially in ammonium 
nitrate. Therefore, the precipitation by ammonium hydroxide is always in 
some degree incomplete ; and that of the acid mercuric nitrate is decidedly 
diminished, and in very dilute solutions prevented altogether, by the am- 
monium salt formed in the reaction (as shown in equations a and h), A 
soluble combination of ammonium chloride with mercuric chloride, (NH^- 
Cl)aHgCl3, or ammonium mercuric chloride, called ^*sal alembroth,*' is not 
precipitated by ammonium hydroxide, but potassium hydroxide precipitates 
therefrom the white mercurammonium chloride, (N,HgHg)Cl, (c), 

a. HgOla + 2NH4OH = (NHaHg)01 + NH4OI + 2HsO 

h. 2Hg(N03)a + 4NH4OH = (NHgONOs + 3NH4NO, + 4HaO 

c, (NH401)aHg01a + aKOH = ([NH3]aHg)Ol3 -f- 2E01 + 2HaO 

Ammonium carbonate reacts like ammonium hydrate. 

444. Potassium and sodium carbonates precipitate first red-brown 
basic salts, which, by excess of the precipitants with heat, are converted 
into the yellow mercuric oxide. The basic salt formed with mercuric chlo- 
ride is an oxychloride, HgCl3.(HgO)„ ,, or* ; with mercuric nitrate, a basic 
carbonate, (HgO)3HgC03 or (HgO)^C03 — Barium carbonate precipitates a 
basic salt in the cold, from the nitrate, but not from the chloride. 

445. nydrosulphurio acid, gradually added to solutions of mercuric 
salts, forms at first a white preci[)itate, soluble in acids and in excess of the 
mercuric salt ; by further additions of the reagent, the precipitate becomes 
yellow-orange, then brown, and finally black, insoluble in hydrochloric or 
dilute nitric acid. This progressive variation of color is characteristic of 
mercury, and is also produced by ammonium sulphide. The final and 
stable precipitate is mercuric siil2)hide, HgS; the lighter colored precipi- 
tates consist of unions of the original mercuric salt with mercuric sulphide, 
as HgClg.HgS, the proportion of HgS being greater with the darker pre- 
cipitates. When sublimed and triturated, the black mercuric sulphide is 
converted to the red (vermilion), without chemical change. 

Mercuric sulphide is soluble by free chlorine (nitro-hydrochloric acid) 
{(i) ; not affected by dilute nitric acid (distinction from all other metallic 
sulphides) or by hydrochloric acid; insoluble in ammonium sulphide (dis- 
tinction from tin, antimony, arsenic) ; insoluble in NaOH, and in Na^S, 
but dissolves in a mixture of the two (M. C. Mehu, J. B., 1876). 

a. HgS + CI2 = HgOla + S 

446. Soluble bromides precipitate, from concentrated solutions of mer- 
curie salts, the white HgBr,, soluble in 25 i)arts of hot and in 250 parts of 
cold water. Also soluble in excess of mercuric salts, and in excess of the 
bromide by which the precipitate is formed ; hence, unless added in suit- 
able proportions, no precipitate will be produced. The precipitate is de- 
composed by strong or hot nitric acid. 
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Soluble iodides precipitate mercuric iodide, Hgl,, first reddish-yellow, 
then red; very slightly soluble in water, soluble iu concentrated nitric and 
hydrochloric acids ; quickly soluble in solutions of the iodides of all the 
more positive metals — that is, in excess of its precipitaiits, by formation of 
soluble double iodides ; as {JS1)^^\ variable to KI.Hgl,.* 

The dipotassium mercuric tetraiodide (K^HglJ (sometimes designated 
the iodo-hydrargyrute of potassium) is precipitated by ammonium hy- 
droxide, and by the alkaloids (see Nessler's Test, 40). Dilute acids pre' 
cii)ita,te the mercuric iodide. 

447. Soluble normal chromates precipitate, from very concentrated 
solutions, basic mercuric chromates, orange yellow to red ; considerably sol- 
uble in water, more soluble in solution of mercuric chloride or nitrate. 
Soluble phosphates, as Na^HPO^, precipitate mercuric phosphate, Hg,- 
(PO^)j, white, soluble in acids, including phosphoric acid, and in ammo- 
nium salts. Soluble oxalates, and oxalic acid, precipitate — from the 
nitrate, but not from the chloride — merciiric oxalate^ HgC,0^, white, 
readily soluble in dilute hydrochloric acid, difficultly soluble in nitric acid. 
HgCl, boiled in the sunlight with (NHJ^C^O^ gives Hg^Cl, and CO,. Po- 
tassium Ferrocyanide precipitates mercuric ferrocyanide, white, becoming 
blue on standing. 

448. Reducing agents precipitate, from the solutions of mercuric and 
mercurous nitrates, darlc-graylEL%'' \ from solution of mercuric chloride, or in 
presence of chlorides, first the wliite, Hg^Cl,, then gray Hg. Strong acidu- 
lation with nitric acid interferes with the reduction, and heating promotes 
it. By digestion with hot concentrated hydrochloric acid — and a little so- 
lution of stannous chloride — the gray precipitate of divided mercury is con- 
verted into liquid globules of metallic lustre. This somewhat tardy result 
is hastened by trituration with a glass rod in the test-tube; or first wash 
and then dry, when trituration will accomplish the object at once. 

The reducing agent most frequently employed is stannous chloride (a). 
Bailing solution of sulphurous acid (h) effects the reduction. A clean strip 
of copper, placed in a slightly acid solution of a salt of mercury, becomes 
coated with metallic mercury, and when gently rubbed with cloth or paper 
presents the tin-white lustre of the metal (c), the coating being driven off 
by heat. Zinc and iron, also, reduce mercury, and from mercuric chloride 
or in presence of chlorides, first precipitate calomel. Formic acid reduces 
mercuric to mercurous chloride, and in the cold does not effect further 
reduction. Dry mercuric chloride, moistened with alcohol, is reduced by 
metallic iron, a bright strip of which is corroded soon after immersion 
into the powder tested (a delicate distinction from mercurous chloride). 

* A hot concentrated solution of potassium iodide dissolves SHgrla ^or every SKI. The first crystals 
from thi-* solution are KLHgrla. These are decomposed by pure water, and require a little free iodide for 
perfect water solution, but they are soluble in alcohol and in ether. 
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a. 2Hg01a + SnOla = HgaOla + SnOl4 

HgaCla + SnOla =: 2Hg + SnOU 
Or: HgOla + SnOla = Hg + SnOl4 

Also: 2Hg(N08)a + SnOla = HgaOl, + Sn(NO,)4 

h, HgOla + HaSOt + H3O = Hg + HaSOi + 2H01 
c. 2HgNO, + Ou = 2Hg + On(NOs)a (compare 346). 

449. All compounds of mercury, in glass tubes or on charcoal, are 
quickly volatile before the blow-pipe, Mercurous chloride and bromide and 
mercuric chloride and iodide sublime (in glass tubes) undecomposed — the 
sublimate condensing (in the cold part of the tube) without change. Most 
other compounds of mercury are decomposed by vaporization, and give a^ 
sublimate of metallic mercury (mixed with sulphur, if from the sulphide, 
etc.) ^ZZ compounds of mercury, dry and intimately mixed with dry so- 
dium carbonate, and heated in a glass tube closed at one end, give a sub- 
limate of metallic mercury as a gray mirror coat on the inner surface of the 
cold part of the tube. Under the magnifier, the coating is seen to consist 
of globules, and by gently rubbing with a glass rod or a wire, globules visi^ 
ble to the unaided eye are obtained. 

450, Estimation. — (1) As metallic mercury. The mercury is reduced 
by means of CaO in a combustion- tube at a red heat in a current of COj. 
The sublimed mercury is condensed in u flask of water, and, after decanting^ 
the water, dried in a bell-j;ir over sulphuric acid without application of heat. 
The mercury may also be reduced from its solution by SnCl, (or H3PO, 
at 100° 0.) and dried as above. (2) As mercurous chloride. It is first re^ 
duced to (Hg,)" by H3PO3, which must not be heated above 60° C, other- 
wise metallic mercury will be formed ; and after precipitation by HCl and 
drying on a weighed filter at 100° C. it is weighed as Hg^Cl,. Or enough 
HCl is added to combine with the mercury, then the Hg" is reduced ta 
(HgJ" by FeSO^ in presence of NaOH 

2HgO + 2FeO + 3HaO= HgaO + Fea(OH)« 

HjSO^ is added, which causes the formation of Hg^Cl,, which is dried on a 
weighed filter at 100° 0. (3) As HgS. It is precipitated by H,S, and 
weighed in same manner as the chloride. Any free sulphur mixed with the 
precipitate should be removed by OS, or NajSO,. (4) As HgO, by heat- 
ing the nitrate in a bulb-tube in a current of dry air not hot enough to de- 
compose the HgO. (5) Volumetrically, by Na^SjO, ; from the nitrate the 
precipitate is yelloio, from the chloride it is vjJiiie, 

8Hg(NOa)a + 2NaaSaOs + 2HaO = Hg8Sa(NOs)a + 2NaaSO« + 4HNO> 
3Hg01a + 2NaaSaOa + 2HaO = HgaSaOla + 2NaaS04 + 4H01 

(6) Volumetrically, HgCl, is reduced to Hg,0 by FeSO^ in presence of 
KOH, and after acidulating with H,SO^ the excess of FeSO^ is determined 
by KjCr^O, or K^Mn^Og. (7) By iodine. It is converted into nggCl, and 
then dissolved in a graduated solution of I dissolved in 

HgaOla + 6KI + la = 2K8Hgl4 + 2K01 
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The excess of iodine is determined by Na^S^Oj. (8) The measured solu- 
tion of HgCl, is added to a graduated solution of KI ; 4KI 4- HgCl, = 
K,HgI^ 4- 2KC1. The instant the amonnt of HgCl, shown in the equation 
is exceeded a red precipitate of Hgl, appearJ*. 

451. Oxidation. — Free mercury (Hg°) precipitates the free metals from 
solutions of Ag, Au, and Ft; and is precipitated as Hg° by Zn, Al, Mg, Cd, 
Bi, Co, Sn, Sn", Cu, and (Cu,)", also by free H3PO,, H3PO,, and H^SO,. 
(Hg,)" is oxidized to Hg" by Br, CI, I, HNO3, HiiSO, (hot), and HCIO,. 
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456. Arsenious Acid and Anhydride. — The vapor density of the 
anhydride (arseDious oxide) is 198 at a white heat (V. Meyer, Ber. Chem, 
Ges., 1879, 1117), therefore its molecule is assumed to be As^O,. Its solu- 
tion in water is supposed to be arsenious acid, but on evaporation only 
As^O, remains. Many arsenites are known, but the instability of the 
greater number of them has prevented an accurate determination of their 
composition. Their composition is best explained by regarding them as 
derived from one of the three hypothetical arsenious acids. (1) Orthoar- 
senious acid, H.AsO, ; forming normal, acid, and basic orthoarsenites — 
e.g^, Ag.AsO,, Mg3(AsO,)„ Co,H,(AsO,),, CuHAsO,, Fe,0,(AsO,)„ etc. 
(2) Pyroarsenious acid, H^As,Oj ; forming pyroarsenites — e.g., (NHJ^- 
ASgO^, Ca^ASgO^, K^ASjO,, etc. (3) Metarsenous acid, HAsO, ; forming 
metarsenites — e.g., NH^AsO,, KAsO,, Ca(AsO,)3, Pb(A80j,, etc. The 
triad arsenic forms some combination with nearly all metals, but many of 
its salts are so instable as to prevent the determination of their comi)osition. 

467. Anenioiu anhydride — having both crystalline and amorphous modifications — 
is very slowly and sparingly soluble in cold water, much more quickly but quite spar- 
ingly soluble in hot water, the solution feebly reddening litmus; freely soluble in hydro- 
chloric acid, and somewhat soluble in sulphuric acid without combination ; readily solu- 
ble in alkali hydroxides with combination, forming, perhaps, the hypothetical KsAbOs, 
but only EH(A803)a, KAsOa, and K4 AssOa have been isolated ; slightly soluble in alco- 
hol, and soluble in glycerine. — Arstnious chloride is wholly decomposed by water, with 
formation of arsenious oxide and hydrochloric acid (equation a) ; arsenious sulphide is 
very slightly soluble in pure water, insoluble in acidulated water, but soluble by combi- 
nation in solutions of alkalies (&), alkaline carbonates and alkaline sulphides (c), (d) and 
(e). — Arsenites of the alkali metals are soluble in water ; of the alkaline earth metals 
sparingly soluble, of magnesium insoluble ; of all other metals, insoluble. The arsenites 
are decomposed — and, except those of first-group metals, dissolved — by hydrochloric acid, 
and are decomposed and dissolved by nitric acid, without exception: 

a. 4AsCl8 + 6H3O = AS4O8 + 12H01 

b. 2AstiSs + 4KOH = EAsOa + SKAsS, + 2HaO. Watts' Diet., 2d ed., 1, 315. 

c. AsaSs + KaS = 2KA8Sa 

d. AsaSs + 6NH4HS = 2(NH4)8AbS3 + 3HaS* 

e. AS2S3 + 2(NH4)aS = (NH4)4ABaS6 

f 

In analysis, the second-group precipitate of arsenious sulphide is sepa- 
rated with antimony and tin, by solution with ammonium sulphide. The 
final determination and separation from antimony is usually effected by the 
action of the hydrides upon solution of silver nitrate. 

458. Alkali hydrates and carbonates do not precipitate arsenious 
compounds from- solution ; whereby arsenic is distinguished from the 
bases. 

* Dibasic and monobasic as well as tribasic thioarsenites are formed in different conditions. Accord- 
ing to NiLssoN {Bet'icht. d. deut. chem. Ges., IV., 989 ; Jour. Chem. Soc., X., 1872, 599), (NH4)HS always 
dissolves AsaSs as (NH4)aS<(A83S3)s. For the action of alkalies and alkaline carbonates upon AsaSs* 
As^Ss. AsaSft, and the formation of many thioarsenites and thioarsenates according to Nilsson, see Jour, 
prakt. Chem., 1876 [2], 14, 1-60 and 145-172. 
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459. Hydrosulphuric acid precipitates the leinoii-yellovv araenioMs sul- 
phide, As,S,. The precipitate forms promptly in acidulated solutions, the 
most perfectly with hydrochloric acidulation ; being complete even in 
strong liydrochloric acid solution, but diminished by too strong nitilc acid. 
It forms slowly in simple aqueous solution of arsenious acid, as a color 
rather than a precipitate ; being slightly soluble in pure water, but insol- 
uble in acidulated water. It is not formed in solutions of alkali arsenites, 
except by acidulation. Citric acid and other organic substances hinder, 
but, in presence of much hydrochloric acid, do not wholly prevent its for- 
mation. Alkali sulphides produce, and by further addition dissolve, the 
precipitate. 

The arsenious sulphide is soluble in solutions of alkali hydrates, carbon- 
ates, and sulphides, as severally explained in 457. From all these alkaline 
thioarsenites, acids reprecipitate the sulphide {a and h). By its solubility in 
solution of ammonium sulphide, it is separated with antimony and tin 
from the other members of group second ; and by its solubility in solution 
of ammonium carbonate, it is approximately separated from antimony and 
tin, in a process of separation which has been in common use : 

a. 2(NH4)8AsS, + 6H01 = AsaS, + 6NH4OI + 3H,S 

b. (NH4)4As3Sa + 4HC1 = A89S, + 4NH4CI + 2HaS 

The color of the AsaSs distinguishes it from S, derived thus : 
e, 2(^'a,)S2 + 4H01 = Sa + 4NH4OI + 2HaS 
The arsenious sulphide is also soluble in solutions of alkali sulphites with free sul- 
phurous acid (distinction, and a method of separation, from antimony and tin) : 

d. 4A8aS3 + 32EHSOs = 8KAsOa + 12KaSaOs + 3Sa + 14SOa + 16HaO 
Like metalloidal arsenic, the arsenious sulphide is insoluble in hydrochloric acid — 

another means of separation from antimony and tin. It is insoluble in dilute but dis- 
solves in strong nitric acid, and by free chlorine or nitro-hydrochloric acid, as arsenic 
anhydride, AsaOs, or arsenic acid, HsAs04 — (equations e and /. Usually, however, a 
large portion of the S is oxidized to H3SO4, and completely if the Ol or HNOs is used 
hot and in excess (g). Compare equation a, 455). Arsenious sulphide is not changed to 
arsenious oxide by any solvents. 

e. 2ASaSs + lOOla + IttHaO = 4H3A8O4 + 3Sa + 20HO1 
/. OAsaSa + 20HNOs -I- 8HaO = .2H3ASO4 + 9Sa + 20NO 

g, AsaSs 4- 1401a + 20HaO = 2H3ASO4 + 3HaS04 + 28H01 
Thiosulphates — as NaaSaOa — also precipitate, from boiling hydrochloric acid solu- 
tion of arsenious acid, the arsenious sulphide (distinction from tin): 

2H3ASO8 + 3Na2S20a = AsaSs + 3Na2S04 + 3HaO 

460. Silver nitrate solution precipitates from neutral solutions of ar- 
sonites, or simmonio silver nitnite* from water solution of arsenious oxide, 
stiver arsenite, AggAsOg, yellow, readily soluble in dilute acids or in am- 
monium hydroxide or ammonium salts (420) : 

HsAsOs + 3AgN03 + 3NH4OH = AgaAsOs + 3NH4NO3 i- 3HaO 

* Prepared by adding ammonium hydroxide to the solution of silver nitrate, till the precipitate at first 
lirodaced is nearly all redissolved. 
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461. Copper sulphate solution precipitates from solutions of neutial 
arsenites, or ammonio copper sulphate (prepared as directed in note un«]er 
460) precipitates from water solution of arsenious oxide, the green copper 
arsenite, CuHAsO, (Scheele's green), soluble in ammonium liydroxide luul 
in dilute acids. Copper acetate in boiling solution precipitates the grei-ii 
copper aceto-arseaite (CuOAs30,)3Cu(C3H30,), (Schweinfurt green), soluiJe 
in ammonium hydroxide and in acids. Both these salts are often desii;- 
nated as Paris green (343). For the reaction of Copper Salts with fixed 
alkali arsenite, see 475. 

462. In general, solutions of arsenites are pre'cipitated by solutions of 
normal salts of the metals, except those of the alkalies, and barium, stron- 
tium, and calcium (457). Normal magnesium salts form a white precipi- 
tate of magnesium arsenite. Tlie precipitate is soluble in ammonium hy- 
droxide and ammonium chloride (distinction from arsenates). 

Ferric salts precipitate from arsenites, and recent ferric hydroxide 
{used as an antidot' ) forms, with arsenious anhydride, variable basic fer- 
ric arsenitesy scarcely soluble in acetic acid, soluble in hydrochloric acid. 
Water slowly nnd spatingly dissolves from the precipitate the arsenious an- 
hydride ; but a large excess of the ferric hydroxide holds nearly all the 
arsenic insoluble. To some extent, the basic ferric arsenites are transposed 
into basic ferrous arsenates, insoluble in water, in accordance with the 
reducing power of arsenious oxide. 

463. Arsenic is reduced to the elemental state by several methods of 
great analytical importance. 

By the action of hydrogen generated in acid solution (Marsh's 
Method) it is reduced from all its soluble compounds, when it enters into 
a combination with hydrogen as arsenious hydride, AsH,, gaseous. The 
latter can be identified by numerous reactions, and from it the arsenic can 
readily be obtained free. 

The hydrogen is generated by sulphuric acid diluted with 6 to 8 parts 
water, and zinc (both free from arsenic). Compare 288. In general 
nascent hydrogen (or any metal witli any acid which produces hydrogen) 
gives like results. The hydrogen removes the oxygen, from either oxide of 
arsenic, by forming water, and then combines with tlie arsenic ; two atoms 
of hydrogen taking the place of one atom of oxygen : 

A840e + 12Ha = 6H,0 + 4A8H3 

or, including the zinc and sulphuric acid : 

HsAsOa + 3(Zn + H3SO4) = 3ZnSO« + 8H,0 + A8H3 
H3A8O4 + 4(Zn + HaSOi) = 4ZnS04 + 4H3O + AsHt 

It will be seen that arsenious hydride cannot be formed in presence of 
free chlorine or other oxidizing agents, such as nitric acid, nitrates, chin- 
rate?, and hypochlorites. Sulphides and sulphites interfere ; also mercury 
salts (by amalgamation of the zinc), and most organic substances* Arseni- 
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ous sulphides are not acted on by the nascent hydrogen. With zinc, strong 
potassium hydroxide or sodium hydroxide may be used instead of acid, 
the action beiug slower ; but quite rapid if finely divided iron, platinum, or 
some other metals are present. Sodium amalgam alone, in solutions 
neutral, acid, or alkaline, causes an abundant generation of arsenious hy- 
dride if arsenic is present. In the test made by sodium amalgam, in alka- 
line solution, cane sugar and some other organic bodies do not interfere. 

The generation of arsenious hydride, by metallic magnesium, when 
done in strong solution of ammoniiun chloride, is a separation from anti- 
mony. The solution may be neutral or alkaline, but, for the separation, 
not acid. 

Metallic aluminium, in strong potassium hydroxide solution, on warm- 
ing, generates arsenious hydride from arsenical compounds (distinction and 
separation from antimony). 

464. Ar.^enious hydride (arsine) burns when a stream of it is ignited 
where it enters the air, and explodes when its mixture with air is ignited, 
like other combustible gases. It burns in a stream, with a somewhat lumi- 
nous and slightly bluish flame (distinction from hydrogen) ; the hydrogen 
being first oxidized, and the liberated arsenic becoming incandescent, and 
then undergoing oxidation ; the vapors of water and arsenious anhydride 
passing into the air (a). If a piece of cold porcelain is held in the flame, 
the reduction of temperature prevents the oxidation of the arsenic, which 
is deposited in dark steel-gray spots, adherent to the porcelain, about which 
a little of the water of combustion condenses {b) : 

a. 4A8H8 + 6O3 = A84O8 + 6HaO 

b. 4A8H8 + 3O3 = As4 + 6H3O 

In many particulars above mentioned, the combustion of arsenious hydride resembles 
that of the hydrocarbons of illuminating gas. 

Arsenious hydride is an exceedingly poisonous substance, the inhalation of the un- 
mixed gas being quickly fatal. Its dissemination in the air of the laboratory, even in the 
small portions which are not appreciably poisonous, should be avoided. Furthermore, as 
it is recognized or determined, in its various analytical reactions, only by its decomposi- 
tion, to permit it to escape undecomposed is so far to fail in the object of its production. 
The evolved gas should be constantly run into silver nitrate solution, or kept burning. 

466. Arsenious hydride is decomposed by heat alone. In passing through gla^s 
tubes, heated to incipient redness, the gas is decomposed, the arsenic adhering to the 
inner surface of the tube, beyond the heated part, as a steel-gray mirror coating. This 
coating is readily driven by the heat, is gradually dissipated by hot hydrogen gas, and 
imparts the garlic odor to the escaping hydrogen gas. The latter, if ignited, will gene- 
rally deposit arsenic spots on porcelain, showing that the arsenic is not wholly retained 
in the tube. 

466. Both the mirror and the spots exhibit the properties of free arsenic (456). 
Liquid reagents are most convenient for application to the spots. The reactions of these 
deposits having analytical interest are such as distinguish arsenic from antimony. 
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Comparison of Arsenio and Antimony^ deposited from AsH, and 

SbH,. 

Anenio Spots. Antimony Spots. 

Of a steel-gray to black Itiatre, Of a yelvety brown to black surface. 

Volatile at 450° G. ; as arsenious acid, at Volatile in vacuo at white heat; by oxida. 

did** G. tion, at a red heat. 

Dissolve in hypochlorite (a). Do not dissolve in hypochlorite. 

Warmed with a drop of ammonium «u2- Warmed with ammonium sulphide, form 

phide, form yellow spots (459), soluble in orange-yellow spots, insoluble in ammonium 

ammonium carbonate, insoluble in hydrO' carbonate, soluble in hydrochloric acid. 
chloric acid. 

With a drop of hot nitric acid, dissolve With a drop of hot dilute nitric acid, 

clear (455) turn white. 

The clear solution, with a drop of solu- The white fleck, treated with silver ni* 

tion of silver nitrate, when treated with trate and vapor of ammonia, gives no color 

vapor of ammonia (from a glass rod moist- until warmed with a drop of ammonium 

ened with ammonium hydrate and held hydrate, then gives a black color, 
near), gives a brick-red or a yellow color 
(891). 

With vapor of iodine, color yellow, by With vapor of iodine, color more or less 

formation of arsenious iodide, readily vola- carmine red, by formation of antimonious 

tile when heated. iodide, not readily volatile by heat. 

Arsenic Mirror. Antimony Bflirror. 

Deposited beyond the flame ; the gas Deposited before or on both sides of the 

being decomposed by a red heat (465). flame ; the gas being decomposed consider- 
ably below a red heat. 

The mirror is driven at 450° C. ; it does The mirror melts to minute globules at 

not melt. 432" C., and then is driven at a red heat. 

By vaporization in the stream of gas, The vapor has no odor, 
escapes with a garlic odor. 

By slow vaporization in a current of air By vaporization in a current of air, a 
(the tube open at both ends and held in- white amorphous coating is obtained — in- 
clined over the heat), a deposit of octahedral soluble in water, soluble in hydrochloric 
crystals is obtained above — if abundant, acid, and giving reactions for antimony, 
forming a white coating (457), soluble in 
water, the solution giving reactions for ar- 
senic. 

a. The h3rpochlorite reagent — usually NaOlO— decomposes in the air and light, by 
keeping. It should instantly and perfectly bleach litmus-paper (not redden it). It dis- 
solves arsenic by oxidation, to arsenic acid: 

AS4 + lONaClO + 6HaO = 4H3ASO4 + lONaCl 

467. When arsenious hydride is passed into solution of silver nitrate, 
the silver is reduced to metal by the oxidation of both .ele^ments in the gas 
— the hydrogen to water, and the arsenic to arsenious acid, which remains 
in solution along with the liberated nitric acid (distinction from antimo- 
nious hydride, which precipitates antimonious argentide) : 

AsH? + 6AgNOs + SHtiO = 6Ag + H,AsOs + 6HNO, 
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The reactions for the arsenious oxide formed in solution should be ob- 
tained after filtering out the brown-black precipitate of silver, then adding 
a very little hydrochloric acid, that the silver in the undecomposed nitrate 
may be removed as chloride. From the filtrate, hydrosulphuric acid preci. 
pitates the sulphide, and arsenic may be quantitatively determined from 
the weight of this precipitate, after Marsh's Test. Reliance should not be 
placed on blackening of the silver nitrate alone, as this may be due to 
8bH„ or to H,S or to PH.. H^S would be generated in the test, from sul- 
phides ; and PH, from hypophosphites or phosphites. 



If the material treated with zinc and dilute sulphuric acid be placed in a flask or 
large test-tube, and a paper moistened with silver nitrate be tied over the mouth, it will 
{on standing) be blackened by arsenious hydride. The interference of hydrosulphuric 
acid may be avoided by causing the gas to pass through cotton-wool, moistened with 
solution of lead acetate, and carefully placed to fill the neck of the vessel, then left seve- 
ral hours. This operation may be relied on for negative results, in testing the purity of 
reagents, etc. 

The yellow ailver arsenite (460) may be obtained as a distinctive test, with the silver 
nitrate left in solution, undecomposed by the arsenious hydride, after filtering out only 
the metallic silver, by the careful addition of ammonium hydroxide, in repeated small 
portions, by the glass rod, till the nitric acid and arsenious anhydride are just neu- 
tralized : 
HsAbO, + SAgNO, + 6HNO, + 9NH4OH = AgsAsO. + 9NH4NOS + 9H3O 

Arsenious hydride received in nitric acid is changed to HsA804, soluble in water 
(separation from antimony). 

468. Stannous chloride, SnOla, reduces arsenious and arsenic oxides, from hot con- 
centrated hydrochloric acid solution, as fiocculent, black-brown, metalloidal arsenic^ con- 
taining three or four per cent of tin (Bettendorf's Method). The arsenic, in solution 
with the concentrated hydrochloric acid, acts as arsenious chloride (457 a) : 

4As01s + 6Sn01, = AS4 + 6SnCl4 

The hydrochloric acid should be 25 to 33 per cent. ; if not over 15 to 20 per cent., the 
reaction is slow and imperfect. Sulphuric acid with sodium chloride may be taken 
instead of hydrochloric acid : 

In a wide test-tube place 0.1 to 0.2 gram. (2 or 3 grains) of the (oxidized) solid or 
solution to be tested, add about 1 gram. (15 grains) of sodium chloride^ and 2 or 3 cub. 
centim. (about one fluid drachm) of sulphuric acidy then about 1 gram. (15 grains) of 
crystallized stannous chloride ; agitate, and heat to boiling several times, and set aside 
for a few minutes. Traces of arsenic give only a brown color; notable proportions give 
the flocculent precipitate. A dark-gray precipitate may be due to mercury (448 a), 
capable of being gathered into globules. If a precipitate or a darkening occurs, obtain 
conclusive evidence whether it contains arsenic or not, as follows : Dilute the mixture 
with ten to flfteen volumes of about 12 per cent, hydrochloric acid (equal parts of Fre- 
senius's Reagent and water) ; set aside, decant ; gather the precipitate in a wet filter, 
wash it with a mixture of hydrochloric acid and alcohol, then with alcohol, then with a 
little ether, and dry in a warm place. A portion of this dry precipitate is now dropped 
into a small hard-glass tube, drawn out and closed at one end, and heated in the flame : 
arsenic is identified by its mirror (466), easily distinguished from mercury (449). Anti- 
mony is not reduced by stannous chloride ; other reducible metals give no mirror in the 
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reduction-tube. Small proportions of organic material impair the delicacy of this reac- 
tion, but do not prevent it. It is especially applicable to the hydrochloric acid distillate, 
obtained in separation of arsenic, according to 474. 

469. Metallic copper reduces arsenious oxide, frum hydrochloric acid solution, as an 
iron-gray film or crust of arsenic with copper, 33 per cent, arsenic, or OusAsa (Reinsch's 
Method). The copper should be in bright strips, the solution hot, and the reaction 
awaited for some time. If much arsenic is present, the crust peels off in black scales. 
The crusts are not evidence of arsenic without further examination— acco'^ding to 470, 
etc. — ^as antimony, silver, and other metals aie reducible by copper. The film may be 
obtained and afterwards determined as arsenic, when but the 0.00Q5 graiy is taken in 
pure hydrochloric acid solution. 

470. In Marsh's Test, a portion of the* arsenic, reduced by the zinc to 
the elemental state, remains for a short time, while the arsenic is in excess 
in the solution, as a grayish-black film upon the zinc. If the generation of 
hydrogen be coDtinued after tlie arsenic is all reduced, all tlie latter soon 
forms arsenious hydride. Tlie de[)Ositiou of antimony, in Marcfh's Test, is 
much greater than that of arsenic. Also, if the operation be conducted in 
a platinum vessel or with platinum foil, in contact with the zinc, the re- 
duced arsenic does not adhere to the platinum as firmly as the reduced an- 
timony. 

471. Potassium cyanide, with sodium carbonate, reduces arsenic from aU itt com- 
pounds, in the dry way : 

As40e + 6KON = Afi4 + 6KONO 
2 As, 33 + 6KON = AS4 + 6KONS 
2A8aSs + 6Naa003 + 6KON = As* + 6NaaS + 6KCNa + 600a 

If this reduction be performed in a small reduction-tube with a bulb at th« end, the 
reduced arsenic sublimes and condenses as a mirror (466) in the cool part of the tube. 
The presence of compounds of manganese, bismuth, zinc, or antimony hinders this reac- 
tion, but does not prevent it. The test can be performed in presence of mercury com- 
pounds, but more conveniently after their removal ; in presence of organic material, it is 
altogether unreliable. If much free sulphur is present, H. Rose recommends that the 
arsenic should be removed from it, by dissolving in ammonia, evaporating the solution 
to dryness, oxidizing to arsenic acid with hydrociiloric acid and potassium chlorate (475), 
precipitating with ammonium hydroxide and magnesium solution as arsenate (478). and 
washing and drying the latter for the test. 

The thoroughly dried substance is mixed with six times its bulk of a dry mixture of 
equal parts of anhydrous sodium carbonate and potassium cyanide, and introduced into 
the bulb of the reduction- tube, which stiould not be over half filled. Heat the bulb very 
gently over the flame, and if water rises and condenses in the tube, thoroughly dry the 
bulb and tube— wiping the inside of the tube with twisted paper. Then heat strongly, 
while the tube is held inclined, finally to a full red heat. If arsenic is present, the 
mirror will be seen above the bulb, and can be tested, as stated in 466, etc. 

This operation becomes a more delicate test, and excludes antimony from the mirror, 
if the mixture be placed in a larger horizontal reduction-tube, drawn out narrow at one 
end, and connected at the other with an apparatus for generating and drying carbonic 
anhydride, which is passed over the substance during the reduction (Method of Fekse- 
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Nius AND Babo): Three parts of anhydrous sodium carbonate, with one of potassium 
cyanide, are taken, and ten or twelve parts of this mixture to one part of the substance 
tested, the whole well mixed and thoroughly dried (in the water-oven). The reduction- 
tube snould be about 1.25 centimeters (one-half inch) wide and 10 to 15 centimeters (four 
to six inches) long, besides the drawn-out part. At the end not drawn out it is con- 
nected with a small wash-bottle, for sulphuric acid, and this connected with the flask for 
generating carbonic anhydride with marble and dilute hydrochloric acid. The dried 
mixture is introduced in the middle of the reduction-tube, by aid of a paper gutter ; the 
connections made, and the substance again dried by gentle heat. When the atmosphere 
is expelled and a steady stream of carbonic anhydride is passing through the apparatus, 
heat the tube between the mixture and the drawn-out end to redness, and then heat the 
mixture gradually to redness of the tube, driving the mirror to the narrowed portion of 
the tube. Finally, detach the tube, close the small end in the flame, and advance the 
heat up to the mirror. 

472. Charcoal reduces arsenious oxide very readily, by heat in the glass tube. A 
small hard-glass tube is drawn out at one end, the extremity closed in the flame, and & 
particle of the well-dried material dropped into the tube, so that it will fall to the end of 
the narrow part. A fragment of recently burned charcoal is pushed down nearly to the 
substance, and heat applied, first to the charcoal and then to the substance, to redness. 
The mirror forn^s just above the heated part, and may farther be tested as stated in 466. 
During the reduction, the garlic odor is observed. 

All compounds of arsenic, heated with sodium carbonate on charcoal, and all oxi- 
dized compounds heated on charcoal alone, present the odor of arsenic. 

Non oxidized forms of arsenic, heated in air, as in a glass tube open at both ends, 
oxidize to arsenious anhydride (455); and the latter substance sublimes in the tube, pro- 
ducing a white coating of microscopic octahedral crystals. 

473. If dry arsenious anhydride is heated with dried sodium acetate, in the bulb of 
a small reduction-tube, arsen-dimethyl oxide, or cacodyl oxide, As2(OHs)40, is produced 
and recognized by its intensely offensive odor : 

A840« + SKOaHaOa = 2ASa(OHs)40 + 4Ka003 4- 400a 

474. Arsenic is removed from mixture with metallic salts and non-volatile acids, and 
obtained in a concentrated form, by distilling the mixture with concentrated hydro- 
chloric acid— or sodium chloride and sulphuric acid — when arsenious chloride passes over 
at 132° C, (270° P.) and condenses with hydrochloric acid. A flask over a sand-bath^ 
with a tube passing through the stopper and then inclined downwards to a small receiv- 
ing flask set in a vessel of cold water, constitutes a sufficient apparatus. The distillate 
may be examined according to 468. 

475. Arsenious compounds are oxidized to arsenic compounds by a large 
number of oxidizing agents. As already stated (455 and 459 e,f), the sol- 
vents of elemental arsenic, and of arsenious sulphide, produce pentad ar- 
senic compounds. Among the oxidations of arsenious compounds most 
used in analysis are those by action of chlorine or bromine (a), iodine with 
sodium carbonate (Z>), nitric acid (c), copper sulphate with free fixed alkali 
(d), and permanganates (e), 

a. HsAsOs + Ola -^- HaO = H8ASO4 + 2H01 

b. 2H3ASOS 4- 2Ia + 5NaaOOs = 2NasAs04 + 4NaI -t- 3HaO -f 500a 

c. BHaAsOs + 2HNOs = 3H3ASO4 + 2NO + HaO 

d. H3A8O3 4- 2OUSO4 + 7KOH = K3ASO4 + Oua(OH)a + 2KaS04 + 4HaO 

e. 5H3A6OS + KaMnaOs -t- 6H01 = 5H,As04 + 2Mn01a + 2K01 -h 3HaO 



124 Arsenic. 

476. Arsenic Oxide and Acids. — ^As,0^ is not produced by heating 
As or As^O, in the air or in oxygen gas. But when As or As^O, is treated 
with CI or HNO, orthoarsenic acid (HgAsOj is produced ; and when this 
is heated at 140° to 180° C. pyroarsenic acid (H^As,0,) is formed; and when 
the heat is increased to 200° C. metarsenic acid, HAsO,, is produced; and 
at a dull red lieat arsenic oxide — arsenic anhydride — (As^Oj is formed ; 
and at still higher temperatures oxygen is given otf and As,0, sublimes. 
Each acid forms corresponding salts : metarsenates (M'AsOj; pyroarsen- 
ates (M'^ASjO^) ; orthoarsenates (M',AsOj. There are three classes of the 
latter, M',AsO^, M'^HAsO^, and M'H^AsO^. Arsenic anhydride, meta and 
pyroarsenic acids, are known only in a solid state, being changed by water 
to orthoarse7iic acid. Their salts have not been much investigated. As a 
rule, they are changed to orthoarsenates by water. 

EAsOa + HaO = KH3A8O4, and K4A8a07 + HaO = 2KaHAs04 

The arsenates of the alkali metals are all soluble in water ; only the mono-metallic 
arsenates of the other metals are soluble in water, but their di- and tri-metallic arsen- 
ates are soluble in arsenic acid (as mono-metallic salts) and in the stronger mineral acids 
(by decomposition). In acetic acid they dissolve with more or less difficulty ; many of 
them are soluble in solutions of ammonium salts. 

In analysis, the formation of arsenious hydride occurs alike with pentad 
and triad arsenic. For distinctions from arsenious compounds, see 488. 

477. Hydrosulphurio acid precipitates, very tardily, in solutions of 
arsenic acid or acidulated arsenates, the yellow arsenious sulphide, with 
free sulphur, As^S, + S^ (Wackenroder, Ludwig, H. Rose). 

2H3As04 + xHCl + 5HaS = AsaSs + Sa + xHOl + 8HaO. 
In the cold, addition of solution of hydrosnlphuric acid causes no appreci- 
able immediate effect (distinction from arsenious acid); but, by treatment 
with the gas for 12 to 24 hours, better at about 70° C. (160° R), all the ar- 
senic can be thrown down. Also, more readily, by previous reduction, 
according to 484. The precipitate has the properties stated in 457 and 469, 
with the additional properties of free sulphur, which in its recent condition 
is taken up by alkali hydroxides or by carbon disulphide.* 

Ammonium sulphide precipitates solutions of arsenic acid, more 

* Berzelius, 1826, and Bunsen, 1878, find that the penfasulphide, ASaSs, is formed, 

2HsA804 + xHCl + 5HaS = ASaSft + xHCl + SHaO 
B. Brauner and F. Tomicek (Jour. CJiem. Soc., 1888, 63, 145) find that the formation of the penta- 
«tilphide is favored by a larger quantity of HGl and a larger quantity of HaS and by a lower temperature; 
and the formation of the trieulphide is favored by a smaller amount of HGl and a smaller amount of HaS 
and a higher temperature ; and " when a rapid current of HaS is passed into a solution of arsenic acid, 
AsaSs alone is formed, although but slowly^ if free HGl is present, and the liquid is kept warm. And 
when the eas i» passed slowly into a solution of the free acid, or into warm acid solutions of arsenates, a 
second'.iry reaction takes place in two stages, along with the primary reaction mentioned above — 

2H9A804 + 2H3S = 2H3A8OS 4- Sa + 2HaO 
2H3ABOS + 3HaS = AsaSa + 6HaO 
For quantitative estimation of arsenic acid in the form of a sulphide it is best to convert it into AsaSft, and 
for this purpose Bunsen 's method must be strictly adhered to^ 
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rapidly than is done by hydrosulphuric acid, as arsenic sulphide, AsJS^ — 
readily soluble in excess of the reagent, as ammonium thioarsenate, (NHJ,> 
AsS^. 

Thiosulphates react as with arsenious compounds (459), free sulphur 
being separated. 

When the precipitate of As,S, + S, is dissolved by alkali sulphides^ 
thioarsenates are formed, as K3AsS^, potassium orthothioarsenate, K^As^S,,. 
potassium pyro thioarsenate, and NH.AsS,, potassium metathioarsenate. 
Thus : 

ASaS, + Sa + 3(NH4)aS = 2(NH4)aA8S4 

Dihite ammonium hydroxide, and ammonium carbonate, however, dissolve 
the arsenious sulphide as thioarsenite and arsenite, leaving the free sulphur 
undissolved. 

478. Magnesiiun salts with ammonium chloride, and free ammonium 
hydroxide, piecipitate ammoniuni'magnesium arsenate, MgNH^AsO^, white, 
easily soluble in acids (distinction from arsenites). The reagents should be 
first mixed together, and used in a clear solution — " the magnesium mix- 
ture " — to make sure that enough ammonium salt is present to prevent the- 
precipitation of magnesium hydroxide by the ammonium hydroxide. The 
precipitate forms slowly and with crystallization, but completely. Compare- 
with the corresponding ammonium magnesium phosphate (79). 

479. Solution of barium hydroxide precipitates solution of arsenic acid partially, 
and solution of alkali arsenates almost completely, as barium arsenate, BaHAsOi, from 
dimetallic solutions, and Ba3(As04)a from mono-metallic. The precipitate is sparingly 
soluble in water. If ammonium hydroxide is added with the baryta, the ammonium- 
barium arsenate, BaNH4A804, is precipitated, insoluble in water, and not made soluble 
by ammonium salts or by ammonium hydroxide (distinction from arsenites). 

The tri- and di-metallic calcium arsenates are insoluble in water ; the ammonium 
calcium arsenate, CaNH4A804, is sparingly soluble. 

480. Salts of the third and second group metals precipitate solutions of arsenic 
acid but slightly, but precipitate solutions of tri-metallic and di-metallic alkali arsenates 
completely (as, respectively, tri-metallic and di-raetallic arsenates) — in accordance with, 
the solubilities of arsenates stated in 475. 

481. Silver nitrate solution precipitates neutralized arsenic acid as silver arsenate, 
AgsAs04, reddish-brown ; the solubilities and conditions of precipitation being the same 
as for the arsenite (460). 

Copper sulphate solution precipitates solutions of arsenates as copper arsenate^ 
OnHAs04, greenish-blue, the solubilities and conditions of precipitation being the same- 
as for the arsenites (461). 

482. Ferric salts, with alkali acetates, precipitate, from solution of arsenic acid, 
or from acidulated solution of arsenates, ferric arsenatey TeiiAsOih, yellowish-white, 
insoluble in acetic acid (compare equation in 216). Ferric salts alone precipitate, from 
dimetallic arsenates, two-thirds metallic ferric arsenate, Pe5iH3(As04>3. 

483. Ammonium Molybdate, (NH4)2Mo04« in nitric acid solution, gives a yellow 
precipitate of ammonium arsenio-molyhdate, of variable composition. Compare Phospho- 
xuolybdates. 
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484. Redudng agents change arsenic compounds either into arsenicm^ compounds 
only, or into elemental arsenic. Sulphurous add and sulphites (a), thiosulphates (6), 
hypophosphites (c), oxalic acid {d), stannous salts (e) and (/), and ferrous salts in con- 
centrated hydrochloric aci<l solution at 132° C. (^r), reduce arsenic acid to arseuious acid 
without further change ; also, the precipitation of arsenic acid as arsenious sulphide in- 
volves reduction by hydrosulphuric acid — a reduction precisely corresponding to that 
of ferric salts in their precipitation as ferrous sulphide. For the study of reductions of 
pentad arsenic, see 490 and Part II. 

a. H8ASO4 + HaSOs = HsAsOs + H3SO4 

h. 2HsAs04 + SNaaSaOs = 2HsAsOs + 2NaaS04 + Sa 

c. 4H,As04 + SNaHaPOa + 5H01 = AS4 + 5Na01 + SH.PO* + 6Hi>0 

d. H8ASO4 + HaOa04 = HsAsOs + HaO + 200a 

6. HsAs04 + SnOla + 2H01 = HsAsOs + SnOl4 + H3O 
/. 4H,A80, + 6Sn01a + 12H01 = As* + eSnOl* + 12HaO 
g, HsAs04 + 2Fe01a + 5H01 = FoaOle + 4H3O + AsOls 

486. By reaction g, of the preceding paragraph, we are enabled to remove the ar- 
senic in arsenic acid, from mixture of nou- volatile inorganic salts and acids, by distilla- 
tion of arsenious chloride — as directed for arsenious acid, in paragraph 474. In presence 
of water, neither heat with hydrochloric acid alone, nor ferrous salts without heat, con- 
vert arsenic acid to arsenious chloride. The hydrochloric acid should be as strong as 25 
per cent. ; otherwise, sodium chloride and concentrated sulphuric acid should be used 
instead. 

486. Arsenic acid vaporizes by decompositioiA at a low red heat (as stated in 476) ; 
but, in absence of reducing agents, the arsenates of the alkali metals bear full ignition 
without change. In the removal of organic matter by combustion, excess of potassium 
nitrate must be added to counteract the reducing influence of the carbon. After fusion 
as sodium arsenate, antimony is separated by insolubility, according to the plan given 
under antimony. 

487. The reducing agents which separate metal loidal arsenic from arsenious com- 
pounds, effect the same result with arsenic acid, though not quite so readily. The ana- 
lytical methods described in 463 to 475, inclusive, have all been given for arsenious and 
arsenic oxides alike. In solution of arsenic acid in water, without other acid, sdnc and 
other metals do not effect reduction, but are dissolved as acid arsenates with evolution of 
hydrogen : 

Zn + 2HaAs04 = ZnH4(As04)a + Ha 

488. The reactions distinguishing between arsenious and arsenic acids 
liiive been described : action of arsenious acid as a reducing agent, 475 ; the 
precipitation of ammonium earth-metal arsenates, 478 ; of arsenio-molyb- 
date, 483 ; the slow precipitation of arsenic acid by hydrosulphuric acid, 
477 ; the colors of the silver salts, 460 and 481, and of the copper salts, 461 
and 481. 

489. Estimation.— (1) As Pb3(AsO,),. To a weighed portion of the 
solution, containing arsenic acid, a weighed amount of PbO is added. 
After evaporation and ignition at a dull red heat it is weighed as Pb,(AsOj,. 
The weight of the added PbO is subtracted from the residue, and the 
difference shows the amount of arsenic present reckoned as As,0^. (2) It 
is precipitated by MgSO, in presence of NH^OH and NH.Cl, and after dry- 
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ing at 103° C. weighed as MgTTH.AsO, + H,0. (3) Tlie MglTH.AsO, is 
cunverted by ignition into ]ia:g,AB,0„ and weiglied. (^i) Tlie Bolution of 
urseniuus acid containing HCl is precipitated by H,S, und tlie excess of H,S 
removed by CO, ; and after removal of the fruB sulphur, if any is present, 
by CS„ tlie precipitate is weighed as A8,S,. (5) Urauyl acetate, in pre- 
sence of ammonium salts, precipitates NHjUO^O, ; by ignition this is con* 
verted into uranyl pyroarsenate (UO,),Aa,0„ and weighed as sucJi. (6) Volu- 
nietrically ; As"' is converted into As' by a graduated solution of I in pre- 
ae. ce of NaHCO,. The end of the reaction is shown by its giving a bine 
eijlur to starcli. {?) As'" is oxidized to As^ by a graduated solution of 
K,Cr,0„ and the excess of E:,Cr,0, determined by a graduated solution of 
Peso,. (8) Ab'" is converted into Ab^ by a weighed quantity of K,Cr,0, 
with HCl, and determining tiie excess of CI by KI and IfajSjO,. Very 
many other volumetric methods have been recommended. 

490. Oxidation. — As' and Ab'" are reduced to metallic ai'^ciiic {Aa°) 
by fusion with CO, with free carbon or combined as H,C,0,, HOfiT, etc 
By SnCl, and H,PO, in strong HCl solution ; also with greater or $ 
pleteness by some free metals, such as Cu, Cd, Zn, etc. ; and in {qj 
any free acid which will generate hydrogen with the metal the alS^lBJo is 
still further reduced to Afl~"'H,, In solution As^ is reduced to As'" by 
H,C,0., H,PO„ H,S, H,SO„ HI, HOWS, etc. Arsenious liydridt- (As" "HJ 
is oxidized to Aa'" by H,SO,, a,80,, and HIO„ and to Ab' by HNO,, 
HNO„ CI, and Br (H. B. Paksons, Chem. News, 36, 335). As"' is oxi- 
dized to As' by HH"0„ CI, HCIO, HCIO,, Br, HBrO,, and HIO, ; also in 
the presence of an acid, such as dilute H,SO,, by PbO„ H,CrO„ and by 
compounds of Co, TSi, and Mn whicli have more thau two bonds ; and in 
alkaline mixture by Z, FbO„ Ag,0, Hg,0, HgO, CuO, E,CrO„ etc. See 
also Part II. 

AHTTIMOHT. Sb = 119.955. 

491. Specijir, gravity, 6.697 {Schroder, 1859). Melting point, 432° C. 
(809= F.) (Carneixet and Williams, 1879). Valence, a pentad in Sb',0„ 
and a triad in 8b"',0,. According to oxidation valence, it is zero in me- 
tallic antimony {8b°); and in autimonious hydride it is a negative triad 
(Sb-'"H,). 

492. OoourreiLoe. — Found native, but more commonly as stibnile 
(Bb,B,). Also found as valentinite, Sb,0,. And in very many minerals 
usually combined with other metals as a donble sulphide. 

498. Preparation.— Tlie ore is converted into the oxide by roasting, 
and then reduced hy fusion with carbon. (2) The sulphide is fused with 
charcoal and ITajCO, : 

aSbgS, + 6N*,OOi 4- 30 = 4Sb + 6Na,S + 9COi 




(3) It ie reduced by metallic irou, Bb,8, + 3Fe = 3Sb + 3P^. To Bepa- 
ratc it from other vinetals with which it )B fi-equently coiabiued requires iv 
special procesB, according to the nature of- the ore. 

494. Pr^kortia*. — A lustrous, bluish-whit«, brittle, and readily pulverizable matal, 
•usible at 483° C, and slowly Tolatile at a white heat. — It is but little tarnished in dry 
air; in moist air it oxMlsM slightly, with formation of a btaokish-gray mixture of metal 
and antimonious oiide ; wlien melted, it oxidizes quickly, and at a red heat it burns with 
a white light, and vwhite, inodorous vapors— the formation of the anticnonious oxide, 
Sb,0<. — Boiling concentrated hydrochloric acid slowly dl^tolvai |)owdeted antimony (a)^ 
but^han in the compact state it resists that acid ; boiling concentrated sulphuric acid 
slowly eonveils it into antimonious sulphate with evolution of sulphurous anhydride (A); 
nitric acid rapidly oxidizes it, the dilute acid forming chiefly antimouious oxide (i^), the 
concentrated forming mostly 8b,0i and antimonic anhydride (d) — these oxides being in- 
soluble in t)ie dilute, slightly soluble in the concentrated acid ; nitro-hydrochloric aciil 
s the metal into soluble antimonious chloride and insoluble oxides (e); but 
d lie added to the hydrochloric acid in very small portions during the- 
/ the antimonious chloride is formed (/). SbOli is formed by distilling' 
fertam of dry clilorine. B«ling solution of tartaric acid sipwly dissolves pre 
ly (g). Alkalies do not dissolve it. 
Sb + 6H0I = 2Sb01, + 3H, 
8b + 8H,SO, = &b,(a0.1, + 6HvO + 380. 
ST) + 4HNO, = Sb.O. + 2H5O + 4NO 
<1. eSb + lOHNO, = 38b,Ot + 5H,0 + lONO 

rd 6Sb + 8HNO, = 8Sb,0. + 4H,0 + 8NO 
Bb + 301 = 38b01>, then, with a part of this solution : 

48b01, + 6H,0 = 2Sb,0, + 12H01 
also : 2Sb + SOI, + 5H,0 = 8b,0( + lOHOI 
/. 3Sb + 301, = asboi, 
g. S8b + H,(0,a40i) + 3H,0 = (SbO)i,(O.R.O.) + 3H, 

486. Oxides. — Antimony forms three oxides — Sb.O,, Sb,0„ and Bb,0,. 

Antimonious oxide (Sb^O,) is fornfed (1) by the action of dilute HlfO, 
upon Sb; (2) by precipitating SbCl, with H-a,CO, or by NH,OH ; (3) by 
dissolving Sb in concentrated H,SO. and precipitating with ITajCO,. Its- . 
vapor density is 286.5, Hence the molecule is supposed to be Sb.O,, uot 
Sb,0, (V. and 0. Metek, 1879). Sb'" sometimes acts as an acid, but more- 
commonly as a buse. Antimonic oxide (Sb,0,) is formed by treating Sb, 
Sb,0„ or Sb,0, with concentrated nitric acid. A diantimoiiy tetroxid& 
(Sb,0,) is formed wJien Sb or its other oxides are iieated in oxygen or in 
the air^ the triad gaining oxygen and the pentad losing it. The antimony 
in this compound is probably not a tetrad, but a chemical union of the 
triad and the pentad : 

2Sb,0, = 2Sb'"8bvO, = SbiO,.8b,0, 
496. ReaotionB of Antimonious Salts. — Antimonious (f^t^icZe is slightly 
soliiblu in water, insoluble in alcoliol ; freely soluble, by fnll or partial com- 
bination, in aqueous solutions of tartaric («), hydrochloric (J), and other 
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acids, not in nitric acid ; soluble in strong solutions of alkalies. The 
ehloride is very deliquescent, and freely soluble in water acidulated wiih 
hydrociiloric acid or with tai-taric or citric acid, soluble in aqueous solution. 
of sodium chloride, and soluble in alcohol. The bromide requires tolerably 
concentrated liydrobi'oniic, and the iodide quite concentrated hydriodic 
acid, for solution. The sulphates require moderaiely concentrated suli 
phiuic acid for solution (corupare 326 ; iind see, further, 497). The tartrate 
is Sf^uble in water withont uciduJation ; the p(jtassium antiniOliious tar- 
trate, soluble in water and in glycerine, insoluble in ulcohol. 

a. Bb.O, -<- 3H^0,H,0,) = 3(SbO),(0,H<0,) + 8H,0 ^ 

b Sb,0. + (13 + n)H01 = 4S1)01, + 6HsO + nHOl . * 

In analysis, antimony sulphide is sepai'ated, nitli arsenic and tin sul- 
phides, from other second-group precipitates, by solution in ammonium 
sulphide. The separation from arsenic and tin is effected throngli anti 
nious hydride (504 and 506). 

497. Water decomposes ihe acidulated solutions of antimon^ 
with precipitation of a portion as baaii^aU, and the separU 
which, restoring the acid strength lost- by dilution with thM| 
the other portion of the original salt in solntion. In .solution < 
ride, SbCl,, the basic salt precipitated by water is the white n 
oxychloride, SbOCl, " Powder of Algaroth " : 

SbOl, + H,0 = SbOOl -I- 2&01 

The composition of the precipitate is variable, however, dUb addition 
of water removing more hydrochloric acid, and leaving the precipitate 
nearer to the normal oxide. For example : 

3Bb01, + 4H,0 = 8b,0,01 -f- 8H01 

The precipitate is soluble in tartaric acid {distinction from bismuti], 
358). In presence of sufficient tartaric or citric acid, water does not de- 
compose antimonious chloride ; the tarlratea. of antimony, and of antimony 
and potassium, being dissolved by water withont decomposition. The 
water solution of tartrate is liable to precipitation of basic Salt by hydro- 
chloric, sulphuric, and nitric acids. 

498. Solutions of the fixed alkali hydroxides precipitate, from the 
acidulaled solution of antimonious chloride or of other inorganic antimoni- 
ous salt, in absence of tartaric and citric acids, the white and bulky anti- 
moniotis oxide, Sb,0„ quite readily soluble in excess of the reagents, more 
quickly by heating; soluble in solution of fixed alkali carbonates when 
heated, but scarcely at all in the cold ; insoluble in ammonium hydroxide. 
The precipitate is slightly soluble in water, and becomes crystalline after 
warming, if no alkali iiydroiide is present. It dissolves readily in solution 
of tartaric acid (496 a), also in that of potassium hydrogen tartrate (a). 

The Eoliitiiin of antimonious oxiile by alkalies is due to its combination with them, 
. «ctlDg as a feebly acidulous anhydride and forming anUimoniUa, which are found to be 



monobaaic, so far as capable of isolation (b). Sodium antimonite. NaSbOi, is the moat 
stable and least soluble in water ; potassium antimonite, ESbO,. is freely soluble in 
dilute potassium hydroxide solution, but decomposed by pure water. By long- itanding 
(24 hours), B portion of the antimonious oxide deposits from the alkaline solution, and 
the presence ^ alkali hydrogen carbonates causes a nearly soraplete separation of that 

ride (equation c, 499) : . 
a. Sb.O. +'4EH(0,H.O,) = 4KBbO(0,H,0,) + 3H,0 
(. 4SliCl. + 13K0H = Sb,0, + I3K01 + 6H,0 

Sb.O. + 4E0H = 4ESbO, + 3H,0 
Or : SbOI, + 4KOH = ESbO, + 3E01 + aH,0 

Anynoniutu hydroxide gives tlie sume precipitate, Sb,0„ scarcely at 

all soluble in excess. 

489. The iilkali oarbonatea likewise precipitate antimoitioua oxide {a), 
soluble Id a strong excess of the fixed alkali carbonates when warmed {b) 
(di^tiiK^iioii from tin) : insoluble in excess of ammoniuni carbonate. The 
solution in li>:o(l alkali carbonates deposits antimonious oxide on cooling 
tind Staildiiip {') : 

r » 4Sbcu + t;E,oo. = gfc.Og + iseoi + eoo, 

^. b. SiiCl, + 4&,COi + 3H,0 = ESbO, + 3K01 + 4EHOO, 

,'. IKSbO. 4 4EHaO. = Sb.O. + 4E,00, + 3H,0 
60O, HydvosiUphurie acid precipitates, from uot too stroDgij acJd- 

iiltitei! (•(jliiiiuns uf iiiitimonioiis salts, the orange-red antimonious sulphide, 
Sb,S, (liydruted), sligiitly soluble in pure water, insoluble in water contain- 
ing H,8. In neutral solutions (tartrate) the precipitation is imperfect, non- 
acidulated solution of the potitg«io tartrate being only colored ; in strong 
hydrochloric acid solutions and in strong alkaline solutions, the precipita- 
tion is prevented. Alkali sulphides give the same precipitate, soluble in 
excess of the reagents {«), then reproduced by acids as antimonic sulphide 
(b). The antimonious sulpfnde iV soluble in fixed alkalies (c) ; in alkali 
sulphides, more readily if they conUiin excess of sulphur {a), and quite 
difficultly in normal (colorless) ammonium sulphide ; only slightly soluble 
in ammoniunf hydroxide, and scarcely at all soluble in ammonium car- 
bonate (disi.inction from arsenic, 459); slowly soluble by boilin<? solution of 
fixed al>;iii carbonate (d) (distinction from tin) ; soluble in hydroohlorlo 
acid, either moderately dilute or stronger (separation from arsenic, 459) (e); 
soluble in nitro-liydrochloric acid (/); insoluble in solutions of acid sul- 
phites ; left iusuluble by nitric acid. 

In the solutions in alkali itilphldaB, the antimonious sulphide exists as alkali thlo 
■alt; thioauliiiKmiite when from uc-lion ot yellow ammonium sulphide (equation a): 

a. 3Sb,Si + 6(NH.)iS, = 4{NH,),8bS, + S, 

b. a(NH,)i8b8. + 6H01 = Sb.S, + 6HH.01 + SH.B 
e BbiS, -i- 4NaOH = Na,Sb8, + NaSbO, -I- SHgO 

d. Sb:^8, + 3Na,00, = NaiSbSi + NaSbO, + SOOi 

e. Sb^S, + 6H01 = 3Sb01, + 3H,S 

/. 2Bb,S, + fiOl, == 48baii + 88, (dissoWng as H,80«) 
or SSb,S, + lOOl, ^ 10H,O =■ 38b,0, + SOHOI + 8Bi 
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501. Thiosulphates— as NaaSaOs — likewise precipitate anfimonioiis sulphide (separa- 
tion of arsenic and antimony from tin) : 

2Sb01s + SNa^SaOa + SH^O = Sb^S, + 8NaaS04 + 6H01 

502. Potaaaium cyanide gives a white precipitate. — Ferrocyanides (in absence of 
tartaric acid) give a white precipitate, insoluble in acids. — Oxalic acid (in absence of 
tartaric acid) gives a white crystalline precipitate, forming slowly but completely. 
Potassium iodide with hydrochloric acid in antimonious solutions gives only a yellow 
ijclor — no free iodine {distinction from antimonic acid), 

503. Antimonious oxide is reduced to the elemental state by agents^ and with reac- 
tions, similar to those effecting the reduction of arsenious oxide. 

Stannous chloride, however, does not reduce it (distinction from arsenic). 
The metals : magnesium, zinc, iron, cadmium, lead, tin, copper, and bismuth, pre- 
cipitate from antimonious solutions (in absence of nitric acid) the brown-black metallic 

antimony : 

2Sb01s + 3Zn = 2Sb + 8Zn01<, 

If antimony be reduced from a dilute hydrochloric acid solution by zinc, on plati- 
num foil or in a platinum dish, the larger portion of the antimony is deposited as a brown 
or black adherent coating or stain on the platinum, while a portion passes offas anti- 
monious hydride along with free hydrogen. The stain is removed by warm 2y;|o, not 
by hydrochloric acid. In this test, tin deposits as a loose, spongy mass, soluble 
chloric acid, and arsenic does not closely adhere to the platinum (470). S^T^ 

504. If hydrogen be generated, more abundantly than in the operation 
last mentioned, by zinc with dilute sulphuric or hydrochloric acid, in a 
Marsh's apparatus, a smaller portion of antimony is deposited with the 
zinc, while antimonious hydride, SbH,, is obtained for examination (com- 
pare arsenic, 463): 

Sb406 + 12Zn + 12Ht,S04 = 12ZnS04 + 6Ht,0 + 4SbH3 
SbCla + 8Zn + 3H01 = dZnOls + SbH, 

505. Antimonious hydride burns with a luminous and faintly bluish- 
green flame, dissipating vapors of antimonious oxide and of water {a) ; or 
depositing antimony on cold porcelain held in the flame, as a lustreless 
brownish-black spot (h). The gas is also decomposed by passing through a 
small glass tube heated to low redness, forming a lustrous ring or mirror 
in the tube. The spots and mirror of antimony are compared with those 
of arsenic in 466. 

a. 4SbHa 4- eOa = Sb40« + GHaO 
h. 4SbH, + 30a = 4Sb -f 6H2O 

506. When the antimonious hydride is passed into a solution of sil- 
ver nitrate, the silver is reduced, leaving all the antimony with the silver, 
as antimonious argentide, AgjSb, a black precipitate (distinction from ar- 
senic, whichenters into solution, 467) : 

SbHa + 3AgNO, = AgaSb + SHNO. 
If the precipitate be removed and washed free fi-om undecomposed sil- 
Ter salt (and arsenious acid, if that be present), the antimony niny be dis- 
solved out by boiling for some time with conceyitrated solution of tartaric 
acid (494 q). Also, hydrochloric acid readily dissolves the antimony from 
Ag.Sb, though it cannot dissolve uncombined nntiniony. The solution 
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consists of antimonious cliloride, leaving Ag^Cl. The solution may be 
tested for antimony by liydrosiilphuric acid. Also, SbH, received in nitrio 
acid changes to Sb^Og, insoluble in water (separation from As). 

507. All compounds of antimony are completely reduced in the dry way 
on charcoal with sodium carbonate, more rapidly with potassium cyanide ; 
the metal fusing to a brittle globule (compare 494). The reduced metal 
rapidly oxidizes, the white oxide rising in fumes, and making a crystalline 
deposit on the support. The same white oxide is formed on heating anti- 
mony or its sulphides in a glass tube, through which air is allowed to i)ass. 
The equations for reduction correspond to those given for arsenic in 471. 

508. The oxidation of antimonious compounds to an timonic compounds 
requires strong oxidizing agents ; that is, antimonious oxide is not a power- 
ful reducing agent. The action of nitric acid and chlorine has been stated 
in connection with metallic antimony (494 d and e). Silver oxide (509)^ 
gold chloride (510), chromic acid (511), and permanganates, oxidize auti- 
moniouS compounds, their reactions (especially the first-named) giving us 
ddli^^Jr tests in distinction from antimonic compoundB. For distinction of 
aftiiJpiirc compounds, see, also, the oxidizing action of antimonic acid on 
iodides in 518. 

609. Solution of silver nitrate — with the potassium or sodium hydroxide solution 
of antimonious oxide, KSbOa — gives a black precipitate of argentous oxide, of metallic 
silver (see equation), insoluble in ammonium hydroxide, and mixed with gray argentic 
oxide, which is dissolved out by the ammonia. If chlorides are present in the solution, 
the silver chloride produced will also dissolve in ammonium hydroxide, leaving only the 
black metallic silver. Now, the alkaline antimona^e*, formed if antimonic compound 
was present in the substance taken in this test, precipitate white silver antimonate, solu- 
ble in ammonium hydroxide (leaving still the evidence of antimonious compounds): 

KSbOa + AgaO (see 411) = 2Ag + KSbOs 

Silver nitrate, in acid solution of antimonious chloride, precipitates SbaOs with 
AgOl, the latter dissolving in ammonium hydroxide, and leaving the former (no oxida- 
tion of the antimony being effected): 

4SbOl3 + 12AgN08 + 6H2O = Sb40« + 12Ag01 + I2HNO3 

In solution of potassium antimonious tartrate, silver nitrate precipitates only silver 
tartrate, soluble in ammonium hydroxide, the antimonious oxide being held in solution 
as a tartrate. Thus: 

2KSbO(04H406) H- 2AgNOs = Aga(04H40«) -h (SbO),(04H40«) H- 2KNO, 

510. Solution of auric chloride, AuOls. is reduced, in boiling (acid) solution of anti- 
monious chloride, to metallic gold, as a yellow precipitate, mixed with antimonic oxide 
as a larger bulk of white precipitate, unless much excess of hydrochloric acid is present to 
hold antimonic chloride in solution (515): 

4Au01s 4- SSbaOs H- 6H2O = 4Au 4- SSbaOa H- 12H01 

611. Chromic acid — obtained with KaOrjO? + 2H01 — is reduced to chromic anlt^ 
CrsClej by acid antimonious solutions ; the liquid turning green, and antimonic oxide, 
SbsOs, being precipitated or left in solution — as a sparing or abundant excess of acid is 
present (515). 
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512. Beactions of Antimonic Salts. — Antimonic oxide^ ot\n}iydride^ 
is a yellowish powder^ but siigiitly soluble iu water ; soluble in conceutrated 
hydrochloric acid and in tartaric acid, scarcely at all in nitric acid. Anti- 
monic chloride, SbCl^, is completely decomposed by water ; the sulphide, 
Sbfi^, insoluble in water. 

Inhere are two hydrogen antimonates or aoids: antimonic ctctd, HaOSbaOft or 
HSbOs, monobasic ; and metantitnonie acid (HaO)aSba06 or H4Sb207, tetrabasic ; the 
former being produced when antimony is dissolved by excess of nitric acid (494 d\ or 
wiien an antimonate is decomposed by a stronger acid (515); the latter being formed in 
the decomposition of antimonic chloride by water. Free metantimonic acid holds 2HaO 
in addition to the basic water. 

613. Antimonic acidly HSbOs, is sparingly soluble in water, reddens litmus, and 
dissolves in concentrated hydrochloric acid, or, slowly, in a large proportion of water 
acidulated with that acid; also in tartaric acid. It dissolves, by combination, with cold 
solution of potassium hydroxide, but not in cold solution of ammonium hydroxide. By 
fusion with potassium hydroxide it is changed to a salt of metantimonic acid, K4Sba07. 
— Metantimonic acid, H4Sb307 or (H20)3Sb206» is more soluble in water, in acids, and 
in ammonium hydroxide, than antimonic acid, into which it easily changes. 

614. Metantimonic acid forms two classes of salts — normal, as M4Sba07, and acid 
salts, as MsHaSb207. Normal potassium metantimonate, K4Sb307, is made by fusing one 
part of ESbOs with about three parts of KOH. By treating this salt with water the acid 
salt, dipotassium dihydrogen metantimonate, E2HaSba07, is formed. This salt is used 
to precipitate sodium salts. 

KaHaSbaO? + 2Na01 = NaaHaSbaO, + 2K01 
It is prepared by fusing antimonic acid with large excess of potassium hydroxide ; 
then dissolving, filtering, evaporating, and digesting hot, in syrupy solution, with large 
excess of potassium hydrate, best in a silver dish, decanting the alkaline liquor, and stir- 
ring the residue to granulate, dry. This reagent must be kept dry, and dissolved when 
required for use ; inasmuch as, in solution, it changes to the tetrapotassiiim metanti- 
monate. which does not precipitate sodium. The reagent is, of course, not applicable in 
acid solutions. 

515. Slight additions of water precipitate the concentrated hydro- 
cliloric acid solutions of antimonic acid, or antimonic chloride, as tetra 
metantimonic acid, {^fi)^Bb^O^ or H^Sb^O, (512); the precipitate being 
sparingly soluble in tlie uciduhiicd liquid. — Acids precipitate, from solu- 
tions of alivali antimonates and meiantimoiiates, the corresponding anti- 
monic acid, HSbO, or H^Sb^O^. Tartaric acid prevents these precipitations. 

516. Hydrosulphuric acid and sulphides precipitate the orange-col- 
ored antimonic sulphide, Sb^S^, having the solubilities stated for antimoni- 
ous sulphide in 500 — antimonic compounds forming in the solution. Both 
terrabasic and tri basic sulphantimonate^ are formed. The typical, tribasic 
salts occur as follows : 

^SbSt 4- 6(NH4)3Sa = 4(NH4)3SbS4 + 3Sa (Compare 500 a.) • 
SSbaSa + 601a = 4SbOl8 + 5Sa ( *' 494 e.) 

Or 2BhSt + lOOla + lOHaO = 2Sb208 + 20HO1 4- 58, 
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617. Antimonic acid is reduced to metal by all the reducing agents 
stated for autimonious oxidj i;i 503, having the same behavior with zinc 
and platinum, and in Marsh's test : 

SbaO» + 8(Zn + HaS04) = 8ZnSO« + 5HaO + 2SbH, 

Stannous ohloride reduces antimonic to antimonious compounds, but, as stated in 
503, does not reduce the latter : 

SbClft + SnOla = SbOls + SnOl4 

618. Antimonic acid is reduced to aattmonious iodide by hydriodic acid, as follows 
(distinction from antimonious compounds, 502) : 

SbOlft + 5KI = Sbis + la + 5K01 
If potassium iodide is added to hydrochloric acid solution of antimonic compounds^ 
a dark brown precipitate of iodine appears ; if only antimonious compound is present, 
the solution is colored yellow, but remains clear. In both cases, free hydriodic acid is 
formed. If the proportion of antimonic compound be very slight, the liberated iodine 
will still be revealed by its violet color in the subsiding layer, after agitation with carbon 
disulphide and subsidence. Of course, the liquid and the hydrochloric acid must be 
strictly free from uncombined chlorine, and the iodide must contain no iodate — that is, 
the two reagents must not precipitate each other. 

519. By ignition, in the absence of reducing agents, antimonic acid and 
anhydride are reduced to antimonious antimonate, SbjO.SbjOj, or Sb^O^ ; a 
compound unchanged at a red heat, and obtained for quantitative deter- 
minations. 

620. The antimonates of the fixed alkali metals are not vaporized or decomposed 
when ignited in absence of reducing agents. Hence, by fusion in the crucible with soda 
and oxidizing agents — i.e., with sodium nitrate and carbonate — the compounds of anti- 
mony, and of arsenic (486), are converted into non-volatile sodium metantimonate and 
arsenate, Na4Sb907 and NaiA804. If now the fused mass be digested and disintep:rated 
in cold water and filtered, the antimonate is separated as a residue (NaaHaSbaO? — 518), 
while the arsenate remains in solution with the excess of alkali. The operation is much 
more satisfactory when the arsenic and antimony are previously fully oxidized — as by 
digestion with nitric acid — as the oxidation by fusion in the crucible is not effected soon 
enough to retain all of the arsenic or antimony which may be in the state of lower 
oxides, sulphides, etc. If compounds of tin are present in this operation — and if the 
fusion is not done with excess of heat, so as to convert sodium nitrite to caustic soda and 
form the soluble sodium stannate — the tin will be left as stannic oxide, SnOa, in the 
residue with the NaaH^Sb^Or. But if sodium hydroxide is added in the operation, the 
tin is separated as stannate in solution with the arsenic. A plan of separations is based 
on these facts. 

521. Estimation. — (1) Tartaric acid and water are added to SbCl,, 
which is then precipitated by H^S as Sb^Sg, and after washing on a weighed 
filter it is dried at 100° C. and weighed. If from any cause the precipitate 
contains free sulphur it is separated by heating in COj. (2) Antimonious 
oxide, sulphide, or any oxysalt of antimony is first boilefi witli fuming ni- 
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trie acid, which converts it into Sb^O^, and then by ignition it is reduced to 
Sb,0^, and weighed as such. (3) Tlio trichloride is precipitated by gallic 
acid, and weighed after drying at 100° C. (4) Volu metrically. Sb'" is 
oxidized to Sb"^ in presence of NaHCO, by a titrated solution of iodine. 
The end of the reaction is shown by the blue color given to starcli. 
(5) Volumetrically. Sb"' is oxidized to Sb^ in presence of H^C^H^Og by 
KjMiijOg. (6) Volumetrically. Sb'" is oxidized to Sb^ by K.Cr^O,, and 
the excess of TLfivfi^ used is determined by a graduated solution of FeSO^, 
K,Pej,(CN')j3 being used to show the end of the reaction. 

522. Oxidation. — Sb~'"Hj is decomposed by heat alone into Sb° and H 
(505). By burning in a limited supply of air it is oxidized to Sb° ; and 
with free access of air to Sb'", Sb^O^ being formed. Passed into a solution 
of SbClj or of KOH, sp. gr. 1 25, Sb° is produced. Passed into AgNO,, 
SbAg, is precipitated. With excess of CI, Br, or HNO, in presence of 
water Sb^ is formed ; and with excess of SbHj metallic Sb° is precipitated. 
Excess of iodine with water forms Sb'" ; but with excess of SbH, metallic 
Sb° is produced. SbH, is also oxidized by HgCl^, K^Mn^O^, etc. 

Sb" is oxidized to Sb^ by CI, Br, HCIO,, HNO., H,CrO„ K,Mn,0„ etc. 
Sb^ is reduced to Sb'" by HI and SnCl, ; and both Sb^ and Sb'" are reduced 
to metallic Sb° by Zn, but in presence of a dilute acid, such as H,SO^, 
Sb- '"H, is evolved. 

TIN, Sn = 117.698. 

b^Z, — Specific gravity, 7.294 (Matthiessen, 1860). Melting pointy 
232.7° 0. (451° F.) (Person, 1847). Boils between 1450° and 1600° C. 
(Carnelley and Williams, 1879). Valence, a dyad in Sn"Cl, and in 
all stannous compounds ; a tetrad in Sn^^Cl^, and in all stannic compounds. 

524. Occurrence. — Rarely found native. Its chief ore is cassiterite, or 
tin stone, a more or less ])nre dioxide, SnO,. Less frequently found in tin 
pyrites, Cu^SnS^ + (FeZn),SnS^. Occasionally found as a silicate, and in 
small quantities in various minerals. 

525. Preparation. — The reducing agent employed is carbon. The im- 
pure ore, SnO,, is first roasted, which removes some of the arsenic as As^O^, 
and some of the sulphur as SO,. Then, by washing, the. soluble and some 
of the insoluble impurities are washed away, the heavier SnO, remaining. 
It is then fused with powdered coal, lime being introduced to form a fus- 
ible slag with the earthy impurities. It is refined by repeated fusion. 
Strictly pure tin is best made by treating the refined tin with HNO,, and 
then reducing the oxide thus formed by fusion with charcoal ; or by reduc- 
ing the purified chloride. 

526. Properties.— A lustrous white metal, fusible at 232.7' C. (451° F.), volatile 
(when not in contact with the air) at a white heat. — It tarnishes a very little in pure air or 



136 Tin. 

with moisture, but more in air containing hydrosulphuric acid ; at a white heat it bums 
in the air with a dazzling white light, and formation of stannic oxide; at a red heat it de- 
composes steam with evolution of hydrogen. — It diasolves with hydrochloric acid, slowly 
when the acid is dilute and cold, but rapidly when hot and concentrated — stannous chlo- 
ride and hydrogen being produced (a); in dilute sulphuric acid, slowly, with separation 
of hydrogen {h)\ in hot concentrated sulphuric acid, rapidly, with separation of sulphur- 
ous anhydride and sulphur (c); nitric acid rapidly converts it into metastannic acid, 
insoluble in acids {d)\ very dilute nitric acid dissolves it without evolution of gas as stan- 
nous nitrate and ammonium nitrate (e); nitro-hydrochloric acid dissolves tin easily as 
stannic chloride (/), potassium hydroxide solution dissolves it very slowly, and by atmos- 
pheric oxidation (^); or, at high temperatures, with evolution of hydrogen {h), 

a, Sn 4- 2H01 = SnOla + Hs 

I, Sn 4- HaS04 = SnS04 + H, 

c, Sn -f- 2H3SO4 = BnS04 + 2H3O + SO3, and then 
4SnS04 + 2SOa + 4H2SO4 = 4Sn(S04)s + 83 + 4H80 

d, 15Sn H- 20HNO, 4- SHaO =c 3HioSn,Oi8 + 20NO 

e, 4Sn + lOHNO, = 4Sn(NO,)3 + 3H3O + NH4NOa 
/. Sn -h 2OI3 = SnOl4 

g. 2Sn + 4KOH + 03 = 2KaSnOa + 2H3O 
h, Sn + 2EOH = EaSnOs + H3 

527. Tin forms two stable oxides and corresponding classes of salts : stannous ox- 
ide, Sn^'O, and stannic oxide, Sn""Oa; the latter acts both as a base, in stannic com- 
pounds, and as an acidulous anhydride, in stannates of metals. Stannous compounds 
readily change to stannic compounds by contact with the air and by nearly all oxidizing 
agents (537), being themselves powerful reducing agents ; stannic compounds are not 
easily reduced to stannous combinations, being feeble oxidizing agents. In respect to 
the relative stability of its two classes of salts, tin resembles iron-; stannous salts, how- 
ever, are relatively less permanent than ferrous salts — in accordance with the fact that 
stannic sulphide is formed, and ferric sulphide is not formed, in precipitation by sul- 
phides. 

528. STANNOUS oxide, hydroxide, sulphide, oxychloride, phosphate, 
and oxalate are insoluble in water. The cliloride requires quite strongly, 
and the nitrate moderately, acidulated water for solution ; the bromide, the 
iodide, and sulphate dissolve in pure water (326). 

Tin is separated, as a sulphide, with arsenic and antimony, from other 
second-group sulphides, by solution with yellow ammonium sulphide (555); 
from arsenic and antimony it is easily separated by reduction in Marsh's 
test (535). Stannous salts are distinguished by their reducing power (537). 

529. Water partially decomposes the acidulated solution of stannous 
chloride ; precipitating stannous oxychloride, soluble in acids, the liberated 
acid preventing complete precipitation : 

2Sn01a + H2O = Sn^OOla + 2HOI 
The atmosphere causes, in solutions of stannous chloride, a precipitate 
of stannous oxychloride with formation of stannic chloride ; a change which 
occurs in the reagent kept in bottles frequently o| ened, and is retarded by 
presence of sufficient hydrochloric acid with metallic tin. 

eSnOla + 02= 2Sn2001a + 2SnOl4 
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530. The alkali hydroxides precipitate, from solutions of stannous 
salts, stannous hydroxide^ ^n(OB.)^, white, readily soluble in excess of the 
fixed alkali hydroxides, as alkali stannite, K^SnO,, insoluble in ammonium 
hydroxide (distinction from antimony) : 

SnOla + 2EOH = Sn(OH)3 + 2K01 

Sn(OH)3 + 2KOH = K.SnO, + 2HaO 

By boiling, the precipitate becomes anhydrous, SnO, without change of 
color. Boiling in strong potassium hydroxide solution, more quickly by 
the addition of a little tartaric acid, blackens the precipitate, which now 
contains metallic tin. 

2K3Sn03 + HaO = Sn + K^SnOs + 2KOH 

Alkali carbonates also precipitate stanntus hydrate^ insoluble in excess 
(distinction from antimony). Barium carbonate precipitates all the tin as 
hydroxide, in the cold. 

531. Hydrosulphuric acid and sulphides precipitate the dark-brown' 
stannous sulphide, SnS (a), hydrated, insoluble in dilute, soluble in mode- 
rately dilute acids, as stated below. Thiosulphates do not give a precipi- 
tate — distinction from arsenic (459), and from antimony (501). 

Stannous sulphide is readily dissolved by alkali supersulphides, the yellow sulphides, 
with formation of thiostannates {p\ from which acids precipitate the yellow stannic sul- 
phide (542) (c), but the normal, colorless, alkali sulphides scarcely dissolve any stannous 
sulphide. Potassium and sodium hydroxides dissolve it as stanjiites with thiostannites 
{d)y from which acids precipitate again the brown stannous sulphide (e); ammonium hy- 
droxide and the alkali carbonates do not dissolve it (distinction from arsenic, 459, and with 
fixed carbonates distinction from antimony. 500 d). It is not soluble by acid sulphites 
(distinction from arsenic, 459). —Hydrochloric acid dissolves it, as stannous chloride, with 
evolution of hydrosulphuric acid(/); nitro-hydrochloric acid — free chlorine — as sian- . 
nic chloride with residual sulphur (g); nitric acid oxidizes it to metastannic acid, without 
solution (separation from arsenic, 560). 

a. SnOla + HsS = SnS + 2H01 

b. SnS + (NH4)2S3 = (NH4)uSnS3 

c. (NHOtiSnSs + 2HOi = SnS, + 2NH4OI + HaS 

d. 2SnS + 4KOH = E^SnO^ + K^SnSa + 2H3O 

e. (KaSnOa + KaSnSa) + 4H01 = 2SnS + 4K01 + 2HaO 
/. SnS 4- 2H01 = SnOla + HaS (for SnSa, see 542). 

g, 2SnS + 40l8 = 2SnOl4 4- Sa 

532. Potassium iodide precipitates — from solutions not very dilute, as nearly neu- 
tral as possible and free from stannic salt — the yellow stannous iodide, Snia, sparingly 
soluble in water, more soluble in warm than cold water, and slightly decomposed by 
water with precipitation of variable, yellow, stannous oxy-iodides; slightly soluble in ex- 
cess of the reagent, the potassium stannous iodide being mostly decomposed by water, 
less in dilute solutions; soluble in hydrochloric acid, and in solution of potassium hy- 
droxide. With stannic salts in water solution, the iodides react as follows (see 539): 

SnOl4 -h 4KI - Snl4 + 4K01 
And, simultaneously: Snl4 4- 8HaO = BnO(OH)a -h 4HI 

633. Alkaline phosphates precipitate stannous phosphate, Snj(P04)a, while, variable 
by conditions. — Oxalates precipitate stannous oxalate, SnOa04, white. — Ferrocyanides 
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give a white gelatinous precipitate ; ferricyanides, a white precipitate (with stannic 
salts, no precipitate). — Cyanides precipiiate aiamious hydroxide, with liberation of by^ 
drocyanic acid. 

534. Tin is reduced by zinc : from freely acidulated stannous or stan- 
nic solutions, as a gray spongy mass (Sn); from alkaline solutions, as lus- 
trous crystals. With zinc on platinum foil or in a platinum dish, the tin 
reduced, from acid solutions, collects mostly on the zinc, does not stain or 
adhere to the platinum, and, however reduced, dissolves in hydrochloric 
acid (526 a) (distinctions from antimony and from arsenic ; see 503). But 
reduction by metallic aluminium, or magnesium, is much more prompt 
and satisfactory. I 

585. In Marsh's Test for Vrssenic (463) and antimony (504), if tin is 
present, it will be deposited as a dark-colored powder, as stated in the pre- 
ceding panigraph, not adherent to the zinc. Arsenic is dei)()sited early in 
the operation, and finally all removed in the gas ; antimony is not wholly 
but is mostly removed, at the last ; tin, not at all. If all the zinc is'per- 
mitted to dissolve while the acid is not expended, the deposit of tin will 
slowly dissolve in the dilute acid. Indeed, tin may be used instead of zinc, 
in Marsh's Test. With zinc present, the tin does not dissolve ; and after 
the arsenic has all been expelled in the gas, the tin may he rifised away 
from the zinc by the wafer-jet, and dissolved with moderately concentrated 
hydrochloric acid^ while any antimony present remains undissolved (526 a, 
and 494 a). The antimony may afterwards be quickly dissolved by nitro- 
hydrochloric acid, and tested. 

536. Before the blow-pipe, on charcoal, with sodium carbonate, and 
more readily by addition of potassium cyanide, tin is reduced to malleable 
lustrous globules — brought to view (if minute, under a magnifier) by re- 
peated trituration of the mass with water, and decantation of the lighter 
particles. A little of the white incrustation of stannic oxide will collect on 
the charcoal near the mass, and, by persistence of the flame on the globules, 
the same coating forms upon them. This coating, or oxide of tin, moist- 
ened with solution of cobalt nitrate, and again ignited strongly, becomes 
of a blue-green color. 

537. Stannous salts are oxidized to Stannic Salts by a large number of 
reagents (see 527). Stannous chloride is one of the most convenient and 
efficient of the ordinary, discriminative deoxidizing agents for operations 
in the wet way. As stannic chloride is soluble in the solvents of stannous 
chloride, no precipitate of tin is made by its reducing action; but many 
other metals are so precipitated by reduction to insoluble forms. Thus 

Mercuric chloride is reduced from solution, first to white mercurous chloride, and then 
to gray mercury (448 a); silver nitrate, to brown-black silver (420): arsenic, from arsenic 
to arsenious compounds (468 e), and all soluble compounds to black precipitate of arsenic; 
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antimonio compounds, to soluble antimonious compounds (517); bismuth salts, to mon- 
oxide (366) ; chromio acid, to green chromic salt, left in solution ; ferric salts, to ferrous 
salts, left in solution ; auric chloride, to the violet precipitate of gold. Sulphurous an- 
hydride, in ordinary relations a strong reducing agent, serves to oxidize stannous chlo- 
ride; warm digestion with sulphites and hydrocnloric acid giving a precipitate of SneOioSs 
or SnSa, or evolving H3S, depending upon the amount of free HOI present. 

6SnOl3 + 2H3SO3 + 4HaO = SneOioSa + 12HC1 
6Sn01, + 2H3SO, + UHOl = SnSa + 5SnOl4 + 6H,0 
3Sn01, + HaSOa + 6H01 = 8SnOl4 + HaS + 3HaO 
Nitric acid changes stannous to stannic compounds, chiefly with formation of nitrio 
oa;ic^e.— Ferricyanides effect the same change, with formation of ftrrocyanides ; and 
permanganates, with production of mangauous salts. Many of these reactions are ap- 
plicable in distinguishing stannous from stannic salts. A very dilute mixture of ferri- 
cyanide and ferric salt makes a delicate though not distinctive test for tin as a dyad. 

538. STANNIC oxide or anhydride forms two well-marked hydroxides or acids: 
stannic acid, HaSnOs, and metasta/rmic acid, HioSnsOis (variable). Stannic acid is form- 
ed by precipitating stannic salts with alkalies (540); metastannic acid, by action of nitric 
acid on tin (526 d ). 

Stannic acid is insoluble in water, but readily forms soluble stannic salts with hy- 
drochloric, sidphuric, and nitric acids, and soluble alkali stannates with the alkali 
hydroxides, other stannates being insoluble. Metasiomnic acid is insoluble in acids, and 
does not form metastannic salts ; but dissolves in fixed alkalies, with formation of meta- 
stannates. 

539. The stannic oxide, hydroxide, sulphide, and phosphate are insol- 
uble in water. The chloride and bromide are scarcely at all decomposed by . 
water ; the iodide, wholly decomposed by water (see equation, 532). The 
relations of stannous chloride, bromide, and iodide, to water, are each quite 
the reverse of the corresponding stannic haloids, as shown by comparison 
with 528. Stannic sulphate is decomposed by boiling its water solution. 
Stannic chloride and iodide are soluble in alcohol. 

540. The alkali hydroxides and carbonates, and barium carbonate, 
precipitate, from solutions of stannic salts, stannic acid, H^SnO,, while; 
soluble in excess of fixed alkali hydroxides and carbonates ; insoluble in 
ammonium hydroxide and carbonate (distinction from antimony). The 
alkaline solutions contain stannates : 

SnOl4 + 4KOH = H^SnO, + 4K01 + HaO 

H^SnOs H- 2KOH = KaSnOs -h 2H80 
SnOl4 4- 2(NH4)2008 + H^O = HaSnOs 4- 4NH4OI + 200^ 

HaSnOs + K2OO3 = KaSnOa + HaO + OOa 
641. A peculiar precipitation of metastannic acid, HioSusOis, is produced by most 
normal alkali salts, on boilinp: in concentrated solution. Thus : 

5SnOl4 + 20NaaSO4 + 15HaO = HioSusOib + 20NaOl + 20NaHSO4 
5SnOl4 + 2ONH4NO3 4- 15HaO = HioSnsOift + 2ONH4OI H- 20HNO8 

542. Hydrosulphuric acid and sulphides precipitate stannic sulphide, 
SnS,, hydnited, yellow, having the solubilities given in 531. for stannow^ 
sulphide, with tliis difference, that stannic sulphide is moderately soluble 
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in normal, colorless, alkali sulphides With the stannic sulphide precipi- 
tate, yellow, we have these reactions, different from those in 531; the others 
being the same as with stannous sulphide : 

SnOl4 + 2HaS = SnSs + 4H01 Corresponding to 531 a. 

SnS, H- (NHOaS = (NH4)2SnS,. ** ^ *' ** h. 

2SiiS, + 2(NH4)3S3 = 2(NH4)aSnSs + S, 
2SnS3 + 4EOH = KaSnOs + EaSnSs 

+ HaS 4- HaO «* " ** d, 

(KaSnOs + EaSnSs + HaS) + 4H01 = 

2SnSa 4- 4K01 + 3HaO " " ** e. 

SnSa + 4H01 = SnOl4 + 2HaS " " ** /. 

Phosphates precipitate basic stannic phosphate, Sn30(P04)8, white ; Ferrooyanides 
give a white, and ferricyanides no precipitate. 

Stannic salts are reduced to Stannous Salts by metallic tin or copper. 

SnOl4 + Sn = 2Sn01a 

Concerning the reduction of stannic comiiounds to metal, see 534, and 
blow-pipe reactions, 536. 

The behavior of stannic oxide in fusion with sodium hydroxide and 
carbonate — used in separation from antimony and from arsenic — is de- 
scribed in 525. 

548^ Estimation. — (1) Gravimetrically. It is converted into SnO,, and 
after intense ignition weighed. (2) Volumetrically. To SnCl, add 
KNaC^H^O^ and NaHCO,, then some starch solntion and a graduated solu- 
tion of iodine, until a permanent blue coloration appears. (3) To SnCl, add 
slight excess of Fe^Cl^, and determine the amount of FeCl, formed, by a 
graduated solution of K^Mn^Og. (4) Reduce to metallic tin, then dissolve 
in FegClg, and proceed as in (3). , 

Sn 4- 2PeaOl6 = SnOl4 H- 4Fe01a 

544. Oxidation. — Solutions of Sn^^ and Sn" are reduced to metallic tin 
by Zn, Cd, Al, and Mg. Metallic tin reduces solutions of Bi, Cu, Hg, Ag, 
Pt, and Au to the metallic state. Sn" is oxidized to Sn^^ by free HNO,, 
HNO3, H.SO,, H,SO, (if hot). HCIO3, CI, HCIO, Br, HBrO,, I, HIO„ 
H,Pe,(CN)^,. Also by Pb^^, Ag', (Hg,)", Hg", As^ (As"' in presence of 
HCl), Sb^ Cu", (PeJ^, Pe^S Cr^S (Co,)^S (NiJ^, (MnJ^S Mn^, Mn^, 
and Mn^". As a rule, non-metallic acids must be free, or no action takes 
place. That is, in alkaline mixture they do not oxidize Sn" at ordinary 
temperatures. But metallic acids and the above-mentioned metallic forms 
oxidize Sn", both in acid and alkaline mixtures. Free CI, Br, and I act 
even more rapidly in alkaline than in acid mixtures. 
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546. Comparison of Certain Beaotions of Arsenic, Antimony, and 

Tin. 

Taken as Arsenious Oxide, Antimonious Cliloride, Stannous Chloride, or 

other soluble Compounds. 



H3S forms colored 
sulphides, soluble 
in (NH4)3S3. and in 
alkalies, reprecipi- 
tated by acids. 

NH4OH in ezoess. 

Zn and dilute H9SO4 



AflaSs, yellow, insolu-SbaSs, orange, solu- 



Dilution of saturated 
solutions. 



HNOs, concentrated, 
acting on the solids. 



Ab 



ttt 



Sb 



lit 



ble in HOI, solu- 
ble in (NH4)3003 
(459). 



No precipitate. 



8 (gas) (463). In 
AgNOs, forms Ag 
and HaAsOs (467). 



H8A804(475). Gives 
certain of the reac- 
tions of HsP04 
(478). 



ble in HOI, insolu 
ble in (NH4)a003 
(500). 



SbaOs, white (498). 

SbHs (jras) (504). In 
AgNOs forms Ags- 
Sb, black precip. 
(506). 

SbOOl, white. Dis- 
solved by tartrate 
(497). 

Sba04 and SbaOs, in- 
soluble (494 d and 
508). 



Sn" 



SnS ; brown (SnSa 
yellow), soluble in 
HOI, insoluble in 
(NH4)300, (531). 



Sn(OH)a, white (530). 
Sn, a gray mass (535). 



SnsOOls, white (529). 



HioSnsOis, insoluble 
(526 d, and 537). 



SEPAHATION OP THE METALS OP THE PIRST AND SECOND 

GROUPS. 

546. The separation of the First-Group metals — lead, silver, atid mer- 
cury of mereurous salts — firom the bases of the Second-Group, by hydro- 
chloric acid, is complete for silver and mercury, but incomplete for lead 
(390). Lead could be separated from other second-group metals by sul- 
phuric acid in JiVz^/e solution ; but this applied to the original solution 
would also precipitate the fourth-group metals, and I'equires a diffoient 
grouping of the bases, as by Zettnow's process (572). So it is identified, if 
abundant, in the first group, and then removed in the second group (after 
the separation by ammonium sulphide) by sulphuric acid. In removing 
lead as a sulphide, if hydrochloric acid is present, the solution sliould be 
quite dilute (390). 

547. Although the only insoluble metallic chlorides are the plumbic, 
argentic, and mereurous, yet hydrochloric acid may produce precipilates in 
cert'fin solutions which contain no first group base. The f<)lh>\ving are- 
some of the conditions in which this occuns : 
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a. An acid solution of antimony, bismuth, or tin, with some other acid than hydro- 
chloric, and saturated with water, as far as possible without precipitation, on the addition 
of hydrochloric acid, precipitates the oxyckloride of the metal in question. These pre- 
cipitates are readily soluble in excess of the hydrochloric acid, but so is a very slight pre- 
cipitate of silver chloride (409). 

b. In a saturated solution of certain salts, as barium chloride, hydrochloric acid ^xQ" 
c\\nXB,iQS thQ sBlt mihout chemical cliaiige ; the precipitate soluble in a small proportion 
of water. ^ 

c. In solutions of higher sulphide::', as NaaSa (459 c), and of thiosulphates, as NaaSaOs 
— these solutions having an alkaline reaction — hydrochloric acid forms a precipitate of 
sulphur. 

d. The solutions containing double sulphides of alkali metals and arsenic, antimony, 
tin (gold, platinum, molybdenum, iridium); double iodides of bismuth, copper, and first- 
group metals ; double cyanides of class (1) (see Part 11.), and certain double thiosuU 
phaleSy are liable to precipitation in the first group. All these precipitates, except free sul- 
phur. AflaSs, AsaSs, and those of first-group metals, are soluble in excess of the hydro- 
chloric acid. 

e. All the alkaline solutions of metallic oxides, as potassium zincate, are precipitated 
ut the neutral point in the addition of acids. 

/. Alkaline solutions of antimonic, silicic, boracic (tungstic, molybdic, tantalic, anid 
iiiobic) acids ; also of benzoic, salicylic, uric, and certain other organic acids, are precipi- 
tated by acidulation witli mineral acids, many of the precipitates being soluble in hydro- 
chloric acid. (Thallious salts are precipitated as chloride.) 

g. Acidulation with hydrochloric acid may induce changes of oxidation or reduction, 
which, in certain mixtures, result in precipitation. 

If the solution taken for the grouping of the bases has an alkaline reac- 
tion, it cannot contain a normal salt of a first-group base ; it may contain 
a basic lead salt, or one of the compounds noticed in c, d, e, or/. 

If the first-group precipitate be more than very slightly soluble by far- 
ther addition of water or of hydrochloric acid, it should be so dissolved be- 
fore proceeding with the analysis. If the precipitate is colored, or if it is 
found not to accord with the reactions of any of the first-groiip bases, it 
should be treated separately, as a solid substance taken for examination. 

548. The separation of the First-Group bases from each other, according 
to the Table given in Part III., is exceedingly simple. PbCl, is dissolved 
in abundance of hot water j AgCl, in arnmonium hydroxide ; while Hg^Cl, 
is left insoluble in a chai'acteristic black form, as NH^Hg^Cl. 

If the lead chloride is not all washed out with hot water, the ammonium 
hydroxide will change it to inso luble basi c salt (387), and leave it with the 
mercury on the filter. 

Let it be observed, if the first-group precipitate contains but one base, 
the action of ammonium hydroxide determines which it is ; lead chloride does 
not change color ; silver chloride dissolves ; mercurous chloride blackens. 

549. The presence of lead is easily ascertained in the dilute solution of 
its chloride. A portion of this solution is treated for the sulphate, accord- 
ing to the Table given in Part III., carefully avoiding excess of acid (389); 
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an illustration of the important relations of lead salts vnfh sulphates. 
Other portions of this dihite solution give the more delicate test with hy- 
drosulphuric acid, and the characteristic test with chromates, and serve to 
illustrate the important relations with carbonates and phosphates ; but a 
more concentrated solution must be used in studying the precipitates which 
are soluble in excess of their precipitants — those by fixed alkali hydroxides, 
iodides, bromides, etc. (Concerning lead in second-group relations, see 
567) Among the other tests made in study of first and second group 
metalsi, those involving reduction by metals and other agents should never 
be neglected. 

550. The presence of silver, in its ammoniacal first-group solution, is' 
determined according to the Table by reprecipitation with nitric acid, as 
AgCl. This test is exceedingly delicate, provided too much alkali chloride 
is not formed in the solution (409). For small quantities, it is better to 
expel the excess of ammonium hydroxide by heat before adding the nitric 
acid, which must not be in excess. 

For farther illustrative tests, reduce the chloride to metallic silver, either 
by zinc, set aside in the test-tube, or by stannous salts, or sugar with al- 
kali ; then wash the reduced silver thoroughly, and dissolve it in nitric 
acid, as AgNO,. 

551» The remaining base, mercury, as th6. black nitrogen dihydrogen 
dimercurous chloride, for the farther tests in the wet way, may be obtained 
as soluble mercuric salt by solution in nitro-hydrochloric acid. Good evi- 
dence of the mercurous combination of the mercury has been obtained in 
the first-group precipitation, and in the color of the product with ammo- 
nium hydroxide ; but if the original solution is found not to contain other 
interfering metals, it may afterwards be used to obtain the distinctive reac- 
tions of mercurous salts with iodides, chromates, phosphates, etc. 

552. In the precipitation of the Second Group, the acidulation requires 
attention. It must not be omitted because of an acid reaction of the origi- 
nal solution, unless it is known that free mineral acid is present. It must 
be sufficient for the formation of arsenious sulphide (459), and not too 
strong for complete precipitation of antimonious sulphide (500 e). If the 
original, solution is strongly acid — as after solution of dry substances by 
mineral acids — the excess of acid must be reduced by evaporation. Free 
chlorine is incompatible with the group precipitant, and if present must be 
fully expelled. 

553. Precipitates may occur in the second group, when no second-group 
metal is present. The precipitations by mere acidulation have been ex- 
cluded by the first-group work, but the precipitation of free sulphur may 
occur, as follows : {n) with fading of a previous brownish-yellow tint, from 
ferric salts (214); {h) appearing with a green color, deeper than a pre- 
viously existing red or yellow color, or from nearly colorless solutions, due 
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to chromic acid (194 «); (c) from free chlorine, bromine, or iodine, hberat* 
ed by the dilute acid of the group reagetits acting with chlorates, nitrates, 
bromates, iodates, hypochh)rites, etc., of the original substance. Indeed, 
several of these substances decompose hydrosulphuric acid without the aid 
of other acids. 

All the bases precipitated in the second group are thrown down as col- 
ored sulphides — yellow, orange, brown, or black — readily distinguishable 
from sulphur by the lighter color and the lighter specific gravity of the lat- 
ter. The precipitate of sulphur may be disregarded — except as an judica- 
tion of the possible presence of some of the oxidizing agents, and, with the 
changes of color mentioned in (a) and (6), especially indicative that iron or 
chromium will be found in the next group. 

554. It will be remembered that pentad arsenio is not prccipitateti 
short of treatment with the hydrosulphuric acid gas for several hours (4?7). 
Unless this time can be taken, the arsenic must be reduced to arseniouj*^ 
acid — by sulphurous acid (484 a) or otherwise — or the systematic course 
of analysis may be departed from. In the latter case, the original solution 
may be used in Marsh's Test, if it do not contain nitrates or other oxidiz- 
ing agents; or the reduction in the dry way (471) may be employed. 

555. The separation of the bases of the Second Group, according to the 
Table, Part III., begins with a division into three classes, bv notion of two- 
solvents, yellow ammonium sulphide and moderately concentrated nitrie 
acid. We have, in the precipitated sulphides : 

(1) As, Sb, Sn — dissolved as thiosalts by (NH4)aS3. 

(2) Pb, Ou, Bi, Od — dissolved as nitrates by HNOa 
' (8) Hg — dissolved as chloride by Ol. 

556. Before applying ammonium sulphide, the precipitate of sulphidea- 
must be washed clean of acid, and of all substances in the filtrate. Whether 
the digestion is performed on the filter, or in the test-tube or beaker, the 
amount of solvent should be as small as possible. 

The insoluble portion is filtered out, washed first with a little sulphide 
of ammonium, then with several portions of hot water, and set aside. 

It is first to be determined whether any base has been dissolved by the 
sulphide of ammonium. This may be done, in a small portion, by a drop 
of dilute acid ; if the precipitate be white, uncolored, either no sulphides 
of As, Sb, Sn were in the group precipitate, or they were in small propor- 
tion, and overwhelmed by the solvent. We place here together the repre- 
sentative eqnations : 

(NHO^AsaSft + 2H2SO4 = AS2S3 + 2(NH4)aS04 -h 2H,S 
2(NH4)3SbS4 + 3H2SO4 = SbaSs (orange) 4- 3(NH4)2S04 + 3HaS 
(NH4)oSnSs + H.iS04 = SnSa (yellow) + (NH4)aS04 + HaS 
(NH4)aSa + HaS04 = S (white)* -h (NH4)aS04 + H9S 
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It is evidently easy to mask the color of the sulphides by an excessive 
proportion of "free sulphur, some of which will always be present ; and, in 
case of any doubt, perhaps, as- a general practice, it is better to proceed with 
the ammonium sulphide solution, to the final tests for arsenic, antimony, 
and tin. 

557. There is this imperfection in the separation of As, Sb, and Sn, as 
sulphides, by ammonium sulphide : that oopper as sulphide is slightly dis- 
solved by the same solvent (342). Acids repreuipitaie the copper sulphide, 
generally as normal CuS, but sometimes as a liver-colored super-sulphide, 
which, with excess of sulphur, has nearly the color of SnS,, or As^Sj. The 
amount of copper so dissolved and reprecipitated is small, and cannot sim- 
ulate notable quantities of arsenic, antimony, or tin ; but such a small loss 
of copper from the nitric acid solution of the group lessens the delicacy of the 
work for that metal. Therefore, it is especially important to identify cop- 
per in the preliminary examination — by the bead or on charcoal if the 
substance is solid, and by the tint if in solution, and by the reduction on a 
strip of clean iron (346). 

Now, the fixed alkali super -sulphides — H"a,S, or K^S, — do not dissolve 
copper sulphide in the least, and they serve as solvents of the sulphides of 
As, Sb, and Sn, as well as ammonium sulphide ; but they dissolve mercuric 
sulphide to an extent that involves a greater imperfection in the separa- 
tions of the group than does the use of ammonium sulphide. However, if 
the preliminary examination shows mercury to be absent, it is better to 
use fixed alkali sulphide for the separation of copper from arsenic, anti- 
mony, and tin. 

558. Having removed the bases soluble as ammonium thiosalts from 
the rest of the group, we have to separate arsenic, antimony, and tin from 
each other. This may be accomplished in several ways by certain solvent?, 
acting on the sulphides. And, to this end, the sulphides are reproduced ; 
the whole remaining alkaline sulphidic solution (556) being reprecipitated 
by an acid. If we employ separative solvents, we may choose between three 
(459), V\z,\ ammonium carhonate, dissolving As^S, and leaving the other 
sulphides ; hydrochloric acid, leaving As^Sg undissolved and dissolving the 
other two sulphides (500 e, and 542, last equation); and alkali sulphites, 
which dissolve As^Sg and leave the antimony and tin undissolved. Neither 
one of these solvents effects a strict separation, and more exact and satis- 
factory results are obtained by Marsh's operation (463); receiving all the 
gas in solution of silver nitrate (506), and treating the residue in the gene- 
rator for tin (535). This plan is the one given in the Table for the second 
group. Part III. 

559. The separation of arsenic by ammonium carbonate, as a sol- 
vent, has been used in the following plan : 
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Sulphides Preoipitated from the (NH J,S, Solution : As.S,, Sb,S^, SnS„ 

(S), (556). 

Digest with Solution of Ammonium Carbofiate, and Filter (457 d ). 



ReBidue : SnSa, Sb,S6, (S). 

Dissolve in hot hydroohlorio acid (542, 516). 

Solution : SnOl4, SbOls. 

Treat with zino and hydroohlorio acid in pres- 
ence of Platinum foil, in Marshes apparatiis 
(535). 



Deposit : Sn, (Sb). 

Dissolve by hydrochlo- 
ric aoid. 

Solution : SnOla. 

(Residue, Sb.) 

Test by mercuric chloride 
(448 a). 

^QMimine by 545, etc. 



Qas: SbHs. 

(Test the spots, 466.) 



Receive the gas in solu- 
tion of silver nitrate. 
Dissolve the precipi- 
tate (AgsSb) (506), and 
test by HaS. 

Compare by 545. 



Solution: 

(NH4)4A83S6 + (NH4)4A8306 

Precipitate by hydrochloric acid; 
fUter ; wash Ihe precipitate and dis- 
solve it by chlorine generated from 
a minute fragment of potassium 
chlorate and a little hydrochloric 
acid (459 e). 

Expel alt free chlorine (463; 

Solution : HsA804 

Apply Marsh's Test, as directed in 
463, testing the spots (466) ; receiinng 
the gas in solution of silver nitrate, 
and testing the resulting solution 
(467). 

Exami7ie the original solution^ as in- 
dicated in 545, and the text. 



The plan above g^ven may be varied by separating antimony and tin by ammonium 
carbonate in fully oxidized solution, as follows : The SbaSft and SnS<t are dissolved by 
nitro hydrochloric acid, to obtain the antimony as metantimonic acid. The solution is 
then treated with excess of ammonium carbonate^ in a vessel wide enough to allow the 
carbonic acid to escape without waste of the solution. 

The diammonium dihydrogen metantimonate, (NH4)9HsSb907, is formed. Mean- 
while the SnOl4 is fully precipitated as SnHaOa (equation in 540), and may be filtered 
out from the solution of metantimonate. 

The liability of failure, in this mode of separating antimony and tin, lies in the non- 
formation of metantimonic acid by nitro-hydrochlonc acid. The ordinary antimonic acid 
forms a less soluble ammonium salt, but this acid is not so likely to occur in dissolving as 
antimonious chloride, SbOla. Now, excess of ammonium carbonate does not redissolve 
the SbaOs which it precipitates from SbOls, as stated in 499. 

560. Separation of Arsenic from Sb, Sn, Bi, Cu, and Hg, by treatment 
of their sulphides with strong Nitric Acid — the resulting nitrates being de- 
composed by heat* Tlie washed precipitate of sulphide is treated, in an 
evaporating- dish, with nitric acid of sp. gr. 1.2 or stronger, that which is 
brown by presence of nitrogen oxides being best, until brown vapois are no 
longer evolved. The mixture is then evaporated to dryness. If separation 



• Victor C. Yauohan : Amer. Chem., vi. (1875) 41 ; vil. (1877), March. 
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from copper or bismuth is desired, tlie lieat must be slowly increased (by 
use of a sand bath) to a temperature of 400° to 600° C, not reaching a red 
heat, and in all cases insuring the expulsion of all sulphuric and nitric 
acids* The residue is now digested with hot water (for about ten minutes), 
and filtered. Solution: HjAsO^. Residue: Sbp^ or Sb,Oj, SnO^, CuO 
and basic copper salt, Bi^O,, HgS. If copper and bismuth are to be sepa- 
rated, the heat must be sufficient to vaporize sulphuric acid, which is neces- 
sarily formed. For separation of arsenic from antimony and tin, this is a 
convenient method, and gives exact results. The residue of antimony is 
soluble in nitro-hydrochloric acid ; that of tin, slowly soluble in hot hydro- 
chloric acid. 

661. The solubility of arsenic sulphide (459 d), and the insolubility of sulphides of 
antimony and tin in solution of acid aodium mlphite^ furnish a basis for the following: 

Plan for Separating Arsenic Sulphide by Acid-Sulphites, and Antimony and Tin 

Sulphides, by Nitzio and Tartaric Acids. 

After precipitation of the solution of the thiosalts with dilute hydrochloric 
, acid and some hydrosulphuric acid, and washing : 

Precipitate (a): As^Ss, SbaSe, SnSa, (free sulphur). 

TranBter precipitate (a) to a test-tube or beaker, and digest at the boiling 
point, for some time, in a solution of sodium acid sulphite with free 
sulphurous acid. Filter, and wash the residue. 

Solution (b): NaAsOa, Na,SaO,: (NaHSOa) (459 d). 
Residue (c): Sb3S&; SnSa (free sulphur). 

Acidulate solution (6) with hydrochknic acid ; add hydrosulphuric acid^ and 
digest, warm ; if a precipitate occurs, treat it in an evaporating-dish 
with nitric acid ; filter and wash from the excess of sulphur ; concen- 
trate the solution, and test it for arsenic by Bettendorf ^s method (468), 
or by reduction with cyanide (471). 

Digest residue (c) with hot, <x>ncentrated nitric acid in an evaporating-dish, 
and expel the excess of acid. 

Product (d): SbaOs; HioSn&Ois (sulphur and H^SOO (494 d, 526 d). 

Treat the product {d) with hot solution of tartaric acid, and filter. 
Solution (e): SbaOa04H40e; (excess of acids).— (496 a ) 
Residue (/): HioSnAOis, as raetastannic acid (sulphur). 

Test solution (e) with hydrosulphuric acid (and hydrochloric acid) for anti- 
mony ; testing further by dissolving the sulphide, etc. 

Fuse residue (/) with sodium carbonate and cyanide, on charcoal, and ex- 
amine for tin (536). Dissolve in hydrochloric acid ; test with mercuric 
chloride, etc. 

562. If the cuiid solution of As, 8b, and Sn — ^prepared by dissolving the sulphides in 
bydrocliloric acid with potassium chlorate — is treated with boiling solution of sodium 
thiosulphate, the arsenic and antimony are precipitated as sulphides (459 and 501), the 
tin left in solution. 

The sulphides oi As and Sb^ so produced, may now be separated by hot solution of 
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sulphites with sulphurous acid, as directed for precipitate a, 561 ; leaving the arsenic in 
solution, and the antimony as res>idue. 
We now have : 

Solution (a): SnOlf. (Precipitate by HaS ; also reduce with Zn and test.) " 
Solution (6): NaAsOa. (Treat as directed for solution h, 561.) 
Residue (c): SbaSe. (Dissolve in hydrochloric acid, and test.) 

663. The separation of As, Sb, and Sn, by fusion with sodium salts and oxidizing 
agents, is indicated in 520. It will be seen, from the statements at the close of that para- 
graph, that when SnOa is fused with sodium hydroxide, a stannate of sodium (NaaSnOs) 
is formed, which dissolves in water; but when fused with sodium carbonate and nitrate 
(at a heat which does not convert the latter salt to caustic soda), it remains as stannic ox- 
ide, insoluble in water. 

Now, the fusion of fully oxidized arsenic and antimony with sodium carbonate and 
nitrate (with or without caustic soda) converts both these elements into the (non-volatile) 
sodium arsenate and metantimonate — Na8A804 and NaaHaSbaO? — the arsenate soluble, 
and the metantimonate insoluble, in cold water. 

Hence, fusion of fully oxidized As, Sb, and Sn with sodium hydroxide, enables us to 
separate antimony from arsenic and tin ; fusion, with sodium carbonate, etc., without 
sodium hydroxide, separating arsenic from antimony and tin. 

The fusion with sodium hydroxide requires a silver or nickel crucible. 



Separation of fully oxidized Arsenic, Antimony, and Tin, by fusion with Sodium 

Carbonate and Nitrate, and Reduction. 

The salphides precipitated by hydrochloric acid from the solation of thio- 
salts are taken for oxidation. 

Precipitate (a) : AS2S3 ; SbaSs ; SnSa (sulphur). 

Digest, in an evaporating dish, with hot nitrU; acid^ in repeated portions, 
and evaporate to dryness at a gentle heat. 

Residue (6): HsAsOi; SbaOftj Hi oSneOis (free sulphur). 

Mix with one or two parts of sodium carbonate, and two or three parts of 
sodivm nitrate ; fuse (in a porcelain crucible), for some time, and until 
the mass is quiet, at a heat not much above the fusing point of the mass. 
Pour the fused mass upon a cold slab ; pulverize, and digest in cold 
water. Filter. 

Solution (c) : Na3As04 (sodium carbonate and nitrite). 
Residue (6^): NaaHiSbaO?; SnOa. 

Acidulate solution {c) with acetic acid, and test it with magnesia mixtare, 
etc., for arsenic, according to 478, etc. The various precipitated ar- 
senates may be collected, and with the remaining portion of solution 
(c), submitted to Marsh's Test. 

Treat residue (d) with concentrated hydrochloric acid, hot, until dissolved. 
Dilute until the solution is sparingly acidulated and transfer to a plati- 
num dish, or a porcelain dish with a piece of platinum foil (rinsing out 
any white residue which may have been precipitated by the water), and 
proceed to reduce antimony and tin, toith zinCy according to 508. 

Deposit (e): Sb (staining the platinum); Sn (not adherent). 

Rinse the dark, spongy precipitate from the zinc with water, and remove the 
zinc. Treat the precipitate and the stained platinum with hot, mode- 
rately concentrated hydrochloric acid. Treat the stained platinnm 
separately, first with hot nitric acid, then with concentrated solution of 
tartaric acid. 
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Solution (/): SnOla; ZnOla. (Test for tin, with mercuric chloride.) 
Solution (^): SbaOa04H406. (Obtain the sulphide ; dissolve in solution of EaOOs— 
500(2.) 

If with the fasion, as above, sodium hydroxide be added : 

Solution (c): Na3AB04: NaaSnOa (sodium hydroxide, carbonate and nitrite). 

Residue {d): Na4Sba07 and (by action of water) NaaHaSbaO?. 

Acidulate solution (c) with sulphuric add, and expel all nitrous gas, and con 
duct Marsh's Test for arsenic ; examining the residue for Un, accord 
ing to 535. 

Dissolve residue {d) with hydrochloric acid ; obtain the sulphide of anti- 
mony ; dissolve the latter, and test. 

664. The Second Portion of the second-group bases — obtained as stated 
in 655, and washed as specified in 556 — is dissolved in hot, moderately di- 
lute nitric acid. Oxides of nitrogen pass off, instead of hydiogen sulphide; 
and sulphur is left, together with the black mercuric bulphide, if any mer- 
cury is present. The solution occurs mostly with evolution of NO, and es- 
sentially as shown for copper and lead, in equations 342 a, and 388 a. 
Traces of HgS may dissolve ; and, if the nitric acid be strong and its ac- 
tion prolonged, more than traces of PbSO^ (white) may be formed, and left 
insoluble with the mercury — according to equation b, 388. Some, or all, 
of the lead sulphate may be dissolved by tlie strong nitric acid ; but, as the 
acid loses strength in the digestion and during filtration, it will precipitate 
from this solution. And it is even less soluble in dilute sulphuric acid, its 
precipitant, than in water. 

The excess of nitric acid is mostly expelled by evaporation, and water is 
added, but not sufficient to precipitate bismuth (358); and if a white pre- 
cipitate is seen to form on dilution, it is dissolved by sufficient nitric 
acid. 

565. The solution is now tested, consecutively: 

(a), with sulphuric acid (and alcohol) to precipitate lead ; 

{b), unless removed in first group, with hydrochloric acid to precipitate 
silver ; 

(6*), with excess of ammonium hydroxide to precipitate bismuth, white 

'(359), 
to dissolve copper, blue (340), 
and to dissolve cadmium, colorless (374). 

Tests (a) and (b) are each made in a small portion of the material ; if, 
by test (a), lead is detected, then lead is removed from the whole ma- 
terial by precipitation with snli)hiiric acid and filtration. The same course 
is pursued with test (b); and in ordinary analysis silver is never found in 
this group, being removed in the first group. This precaution provides 
against the addition of a large excess of mineral acids to the whole material, 
which ^will then be so greatly diluted by neutralizing with ammonium hy- 
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droxide that test (c) is of *no value. And in case lead (and silver) have to be 
removed, the filtrate should be evaporated to expel the excess of acid, then 
used for test (c). 

566. Some analysts dissolve the sulphides, (2) 555, in concentrated 
nitric acid, then dilute and add dilute sulphuric acid (and alcohol) before 
filtration; leaving the lead with th6 mercury — PbSO^ with HgS. This 
residue is then boiled with ammonium acetaie, which dissolves the lead sul- 
phate, as stated in 389, and leaves the black mercuric sulphide (with free 
sulphur) undissolved. 

567. In any case, the addition of alcohol renders the sulphuric acid test 
for lead much more delicate (389); but the alcohol must be added very 
sparingly, and with a full knowledge that cupric and other sulphates are in- 
soluble in alcohol, unless it be very dilute, and these salts may be precipi- 
tated by its free addition. 

The formation of the yellow precipitate of lead chromate, from the white 
precipitate of sulphate (389), is a convenient confirmation. The solubility 
of the lead chromate infixed alkalies distinguishes it from the yellow bis- 
muth chromate (327), and the same reaction is a characteristic of the sul- 
phate (see 549). 

568. The precipitation by water, in this section of the group, is cha- 
racteristic for bismuth (358). The reduction of the precipitated hydrate 
by sugar and fixed alkali, with black color (366), distinguishes bismuth 
from lead and from copper, the latter being thereby reduced with a reddish- 
brown color (346). 

569. Owing to the waste of oopper sulphide by ammonium sulphide, 
discussed in 557, a rigid analysis for this metal is most easily accomplished 
by examination of the original solution, or of the filtrate from the first 
group, by reduction with iron, or iron and platinum, according to 346. 

The reduced copper may be dissolved by nitric acid, for further reac- 
tions. 

570. The Table directs the test for cadmium, by hydrosulphuric acid, 
in the ammoniacal solution, which may contain copper or cadmium, or both. 
Now, both copper and cadmium are precipitated as sulphides in alkaline 
solutions (34*2 and 334); if the precipitate is yellow, it cannot contain much 
cupric sulphide; if it is black, it may consist largely of cadmium sulphide. 
But we have two agents capable of readily separating CuS from CdS 
(342): 

Solution of potassium cyanide dissolves CuS, and leaves Cds undissolved. 
Hot dilute sulphuric acid dissolves CdS, and leaves CuS undissolved. 

571. The separation of mercury, by the insolubility of its sulphide 
with nitric acid (555, portion 3) is generally satisfactory, but it is not rigor- 
ously exact. There is usually an excess of sulphur with it, but the color of 
HgS is intense enough to blacken a large quantity of sulphur. This pre- 
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cipitate may be treated with carbon disulpliide to dissolve away the free 
sulphur; then dried, mixed witli sodium carbonate, and sublimed in a 
small glass tube closed at one end (449), with good results. 

The solution with chlorine is generally tested by reduction, most often 
with stannous chloride. Reduction requires, as a matter of course, that 
the excess of chlorine should first be expelled. 

The test by ammonium hydroxide (433 and 443) is exceedingly delicate 
for mercury — in either class of combinations — though, of course, not char- 
acteristic to the eye. It may be used, in any solution, to confirm the 
absence of mercury. 

572. Flaa for separating the Bases without the use of Hydrosulphurio 

Acid or Ammpnium Sulphide.''' 

The solution (a) mav contain salts of : 

I.-Pb, Ag, (Hg,)" ; 
II.— Oa,Ba, Sr; 
111.— NH4, Na,E; 
IV.— As, Sb, Sn, Hg", Ou, Od, Bi; 
v.— Fe, Or, Al ; 
VI.— Mii,Mg, Co, Ni; 
VII. -Zn. 

Add hydrochloric acid to the solution (a) ; agitate, filter, and wash. 

Precipitate (b) : (PbOla) ; AgOl ; HgaOlt,. 

Solution (c): Salts in solution (a), except Ag and (Hga)". 

The lead in precipitate (b) ie separated by hot water and filtration, then pre- 
cipitated with sulphuric acid, etc. The silver is dissolved by arnvMh 
nium hydroxide^ and reprecipitated by nitric acid ; leaving the mer- 
cury as a black residue, insoluble in ammonium hydroxide, but soluble 
in nitro hydrochloric acid. 

The solution (c) is treated with excess of dilute sulphuric acid ; the precipi- 
tate filtered out and washed. 

Precipitate (d): OaSO* ; BaSO* ; SrSO* ; (PbSO*). 

Solution (e): Classes III., IV., V., VI., and VII., of solution (a). 

From precipitate id)—ih.e calcium sulphate is dissolved by agitation with 
cold water, and then precipitated by ammonium oxalate. See further, 
for calcium, under filtrate (k). Then, the lead sulphate is dissolved out 
by solution of ammonium tartrate with ammonium hydroxide, the solu- 
tion acidulated with acetic acid and precipitated by chromate. The resi- 
due—insoluble in water and in ammonium tartrate— <;ontains the ba- 
rium, and strontium sulphates. [These may be separated by first 
transforming them into carbonates, by boiling with sodium carbonate, 
filtering, and washing out the sodium sulphate ; then dissolving the car- 
bonates in hydrochloric acid, evaporating to dryness, digesting in abso- 
lute alcohol, and filtering. The residue of barium chloride, free from 
alcohol, dissolved in water, should be precipitated by solution of stron- 
tium sulphate. The alcohol solution (strontium chloride) may be 
tested for strontium with the flam£.] 

* Zbttnow : Poggendorf's Annalen, 130, p. 324; Zeitsch. f. anal. Chem., VI- (1867), 438 ; Watts'* Die- 
tianary. First Supplement, 124. Arranged in tabular form by H. C. Bolton ; Am£r. C'hem.y III. C187a\N4fiflL 
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Solntion («) is divided into a K P&i^ Ai^d a ^ part. The eimaller part is tested 
for the alkalies* as follows: 

Ammonia is detected in vapor, on adding excess of solution qf barium hy- 
droxide, and boiling. The barium is then removed by precipitation 
with ammoniam carbonate (or dilute sulphuric acid), filtering and ignit- 
ing the evaporated filtrate. The residue is examined for potassium 
and sodium, byname colors^ both with and without blue glass. 

The % part of solution (e) has yet to be tested for cl«isses IV., V., VI., and VII. : As, 
Sb, Sd, Hff", Ou, Od, Bi; Fe, Or, Al; Mn, Mg, Oo, Ni; Zn. 

This portion of solution («)— lef t with the excess of sulphuric acid from 
formation of precipitate {d)—\& treated with sAnc and a piece qf plati- 
num foil in Mar8h''8 apparatus. The evolved gas is tested for arsenic 
and antimony— more perfectly by conducting it into solution of silver ni- 
trate, and proceeding as elsewhere provided. The zinc will reduce the 
remaining metals of the fourth class. 

Heat the generating flask ten or fifteen minutes, and filter. 

Deposit (/): Sb, Sn, Hg, Ou, Od, Bi. 

Filtrate (g)'. Fe, Or, Al ; Mn, Mg, Oo, Ni ; Zn (as sulphates). 

Deposit (/), well washed, is treated in an evaporating dish with strong ni* 
trie acidf and filtered. 

Solution (A): Nitrates of Hg, Bi, Ou, and Od. 
Besidue(i): (SbaOs), SuOq. 

Test half of solution (h) with stannous chloride for Mercury. To the 
other half add hydrochloric acid, and boil; then a,M excess of sodium 
hydroxide. The precipitated hydroxides of bismuth, copper, and cad- 
mium are treated on the filter (after washing) with am7noiiium hydi'ox- 
ide and ammonium chloiiUe. The bism-uth is left undissolved ;♦ the 
copper and cadmium in their ammonia solutions. The copper is 
recognized by its color, and by precipitation with ferrocyanide, after 
acidulation. The cadmium it< distinguished from copper by precipita- 
tion by sodium hydroxide in tfie ammoniacai ^ution.i 

Kesidue (0 is washed, and boiled with hydrochloric acid, which dissolves 
the antimonic acid, and leaves the metastannic acid undissolved. The 
solntion is tested with 2>iatininn and zinc for antimony. The residue 
is dissolved, with action of nascent hydrogen, by hydrochloric add with 
zinc, and tested with mercuric chloride for tin. 

Treat filtrate {g) with nitric acid, for oxidation. Test a small portion with 
thiocyanate, for iron. Treat the remaining portion with barium car- 
bonate (after neutralizing with ammouia); digest for some time, and 
filter4 

Precipitate (/): Ora(OH)e, Al9(OH)6, with Fea(OH)«, and excess of BaOO*. 
Filtrate (k): Mn, Mg, Oo, Ni; Zn (as sulphates). 

Treat precipitate (J) with dilute sulphuric acid, to remove the barium, and 
filter. Boil the filtrate to expel carbonic anhydride ; then boil with ex- 
cess qf sodium hydroxide, and digest with a \\ii\Q potassium permangan- 
ate to oxidize the chromium to chromate. Test a portion of this soda 

* The residue is dissolved in hydrochloric add, and the solution treated with much water, for the more 
certain determination of bismuth,. 

t In case that much copper is present, the test for cadmium is better made as follows: The solution 
is strongly acidulated with hydrochloric add, and boiled; then, while hot, treated with successive small ad- 
ditions of solution of sodium thiosulphate, to completion of the black precipitate, the liquid being milky 
with sulphur. After filtration, the filtrate is tested by sodium hydroxide for cadmium. 

X If the presence of phosphoric acid is to be provided for, add sufficient ferric chloride^ and digest be- 
fore neutralizing and adding barium carbonate. 
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solution witH lead acetate (after acidulation with acetic acid) for ohro- 
miuxxi. Treat another portion with ammonium chloride in excess for 
precipitation of aluminium.* 

From filtrate (k) remove the barium by adding a very slight excess of sul- 
phuric acid, and filtering; then add ammonium carbonate in slight ex- 
cess to precipitate mangranese* and filter. Test a portion of the pre- 
cipitate for manganese, by fusion with sodium nitrate and carbonate. 
Treat another portion for calcium.* which escapes precipitate d, by add- 
ing ammonium hydrate to neutralize; then much am,monium chloride, 
and amm<mium oxalate. To the filtrate, add sodium phosphate to preci- 
pitate m-affnesium, and filter. Evaporate the filtrate to dryness; it 
may contain cobalt and nickel. Dissolve it in hydrochloric acid, and 
add potassium nitrite and acetic acid and leave some hours to precipi- 
tate cobalt, and filter. To the filtrate, add sodium hydroxide, for the 
precipitation of nickel. 

To test for zinc (seventh class), take a portion of solution («)— or prepare it 
anew from the original solution by treatment, successively, with sul- 
phuric and hydrochloric acids and filtration ; and warm with ^cess qf 
sodium hydroxide, and filter.t The filtrate (sodium zincate) is nearly 
neutralized with ammonic carbonate, and treated with ammonic chloride 
as long as ammonia escapes, and again filtered. The last filtrate is 
t^^ie^yiiih potassium ferrocyanide for a precipitate of zinc. 



GOLD. Au= 196.156. 

^ 

573. Specific gravity, 19.265 (Matthiessen-, 1860). * Melting pointy 
1045° C. (4064° F.) (Violle, 1881). Valence, a monad in Au'.O and in all 
aureus compounds. A triad in Au'"303 and in all auric compounds. 

574. Occurrence.— -Gold is usually found native, but never perfectly 
pure, being always alloyed with silver, and occasionally also with other 
metals. It is found as gold-dust in alluvial sand, sometimes in nuggets, 
and sometimes disseminated in veins of quartz. 

575. Extraction. — Three principal methods are employed. (1) Wash- 
ing. Which consists in treating the well-powdered ore with a stream of 
water, the heavy gold settling to the bottom. (2) Amalgamation. Which 
consists in dissolving the gold in mercury and then separating it from the 
latter by distillation. (3) By fusing with metallic lead, which dissolves tlie 
gold, the liquid alloy settling to the bottom of the slag. The gold is after- 
ward separated from the lead by cupellation. The silver is separatM from 
the gold by dissolving it in nitric or sulphuric acid. Or the whole is dis- 
solved in nitro-hydrochloric acid, and the gold precipitated in the metallic 
state by some reducing agent ; ferrous sulphate being usually employed. 
Another method is to pass chlorine into the melted alloy. The silver chlo- 
ride rises to the surface, while the chlorides of Zn, Bi, Sb, and As (if pres- 
ent) are volatilized, and the pure gold remains beneath. A layer of fused 
borax upon the surface prevents the silver chloride from volatilizing. 

* Manganese, and even other metals belonging in filtrate k, may be precipitated from their sulphates by 
barium carbonate, in absence of sufficient ammonium chloride. 

t Zettnow directs to " boil " with the excess of sodium hydroxide, but this is liable to precl^ltAtft. tAms.. 
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576, Properties. — In malleability atid ductility it surpasses all other 
metals. 282,000 gold leaves placed upon each other form a pile only one 
inch high. And one gramme may be drawn into a wire 3,240 meters in 
length. And one grain of gold will gild two miles of silver wire. It is 
slightly volatile at a very high temperature. According to Wiebb at 2240° 
C. i^Ber.y 1879, 12, 791). 

Gold is not tarnished or affected by iiir or water at any temperature, or by hydrosul- 
phuric acid. Neither nitric nor hydrochloric acid attacks it under any conditions; but 
it is rapidly attacked in vapor or solution by chlorine, dissolving promptly in iiitro-hy- 
drochloric acid, as auric chloride, AuOls ; by bromine, dissolving in bromine water, as 
auric bromide, AuBrs; and by iodine; dissolving when finely divided in hydriodic acid 
by aid of the air and potassium iodide, ^s potassium auric iodide, KIAuIs (a). Cyanide 
of potassium solution, with aid of the air, dissolves precipitated gold as potassium auio- 
cyanide, KAa(ON)3 (^): 

a. 4Au + 12HI + 4KI + 30a = 4BIAul3 + 6H3O 

h, 4Au + 8KON + Oa tI- 2HaO = 4KAu(ON)a -h 4EOH 

677. Gold forms two oxides: auroufi, Au\Of and auric, Au^'aOa; but forms no 
stable oxy-salts. It forms the two classes of haloid salts, corresponding to the oxides. 
The aureus chloride, AuOl, and other aureus salts, are either insoluble in water or decom- 
posed by water with partial solution and separation of gold, BAuOl = 2Aa + AuOls. — 
The auric chloride, AuOls, and bromide, are soluble in water; the iodide decomposed by 
water, with precipitation of yellow aureus iodide; the sulphide insoluble in water. There 
are many double salts of gold and alkali metals, mostly soluble in water; double chlo- 
rides and iodides; aurocyauides, as NH4Au(ON)3, and auricyanides, as KAu(ON)4; and 
a sodio-aurous thiosulphate, Na3Au(S20i)3, soluble in water. 

Gold is most readily separated and distinguished by reduction to the metallic state. 

578. Fixed alkali hydroxides do not precipitate solution of auric chlo- 
ride ; ammonium hydroxide precipitates, in concentrated solution, a reddish- 
yellow ammonia nitrate, (NH3),Au,03, ** fulminating gold."— Hydrosul- 
phuric acid, whether hot or cold, dilute or concentrated, precipitates gold 
sulphide mixed with metallic gold or sulphur (V. ScH hotter and Pri- 
woznik). The precipitates are insoluble in HCl and in HNOg, even when 
hot, but soluble in nitro-hydrochloric acid. They are soluble both in yellow 
and colorless ammonium sulphide, and m the sulphides of the fixed alkalies. 
According to Levol the precipitate formed by H,S is Au^S,. Soluble sul- 
phides precipitate Au^S, ; soluble in yellow ammonium sulphide. 

Potassium iodide, added in small portions to solution of auric chlo- 
ride (so that the latter is constantly in excess where the two salts are in 
contact), and when equivalent proportions have been reached, gives a yel- 
low precipitate of aurous iodide, Aul, insoluble in water, soluble in large 
excess of the reagent; the precipitate accompanied with separation of free 
iodine, brown, which is quickly soluble in small excess of the reagent as a 
colored solution [AuCl, + 4KE = Aul + SKCa + I, with KI]. But, on 
^aduallj adding auric chloride to solution of potassic iodide, so that the 
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latter is in excess at the point of chemical change, there is first a Jark-green 
solution of potassio-auric iodide, KIAUI3 ; then a dark-green precipitate of 
aicric iodide, Aul,, very insitable, decomposed in pure water, more quickly 
by boiling ; changed in the air to the yellow aurous iodide. 

All reducing agents are oxidized by auric chloride, with precipitation 
of gold — at first of a brown to a violet color, acquiring, when triturated, the 
color and lustre which distinguish it in mass. The metals, and all lower 
oxides and salts, reduce gold. Ferrous sulphate forms it in brown preci- 
pitate ; stannous chloride gives a purple precipitate, ** purple of Cassius," 
AUgO, containing the oxides of tin : 

2Au01, + 6FeOl3 = 2Aa + 8Fea01e 

579. Gold is reduced from many of its compounds by light, and from 
all of them by heat — its separation in the dry way being readily effected 
by fusion with such reagents as will make the material fusible. Very 
small proportions are collected in alloy with lead, by fusion ; after which 
the lead is vaporized in " cupellation,'^ as described for silver. 

580. Gold is separated, from its alloys with silver and base metals, by 
solution in nitric acid ; the gold being left as a black-brown powder — to- 
gether with platinum and oxides of antimony and tin. When the gold-sil- 
ver or gold-copper has not over 20 p. c. gold, nitric acid of 20 p. c. disin- 
tegrates the alloy, and effects the separation ; when the gold is over 25 p. c, 
silver or lead (three parts) must be added, by fusion, to the alloy before 
solution. (If gold-silver alloy contains 60 p. c. or more of silver, it is sil- 
ver-color ; if 30 p. c. silver, a light brass-color ; if 2 p. c. silver, it is brass- 
color. ) 

If gold and other metals are obtained in solution by nitro-hydroohloric 
acid, leaving most of the silver as a residue, the noble metals can be preci- 
pitated by zinc or ferrous sulphate, and the precipitate of gold, silver, etc., 
treated with nitric acid, which will now dissolve out any proportion of sil- 
ver not less than 15 ]>. c, to 85 p. c. of gold, and dissolve the baser metals. 
Concentrated sulphuric acid dissolves silver, and leaves gold. 

Oxalic acid reduces gold from solution, not too strongly acid, slowly 
but completely. To the auric chloride, it is better to add both ammonium 
oxalate and oxalic acid. Platinum, palladium, and the second-group metals 
are not reduced by oxalic acid ; hence, whenever the systematic analysis of 
a solution is made to include gold, this metal should be tested for and re- 
moved by oxalic acid, before the first and second-group precipitations. 

581. Estimation. — Gold is always weighed in • the metallic state, to 
which fnrin it is reduced: (1) By ignition, if it contains no fixed acid; 
(2) by adding to the solution some reducing agent, usually PeSO^, H^C^O^, 
hydrate of chloral, or some easily oxidized metal, such as Zn, Cd, or Mg. 
Gold is also estimate*! volumetrically by H^C^O^ and the excess of H^CjO^ 
used, determined by K^Mn^Ofl. 
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582. Oxidation. — Gold is reduced to the metallic state by very many 
reducing agents, among which may be mentioned the following : Pb, Ag, 
Hg, (Hgj", Sn, Sn", As, As", AsH,, Sb, Sb ", SbH,, Bi, Bi', Cu, (CuJ", 
Pd, Pt, Te, Pe, Pe", Al, Co, Ni, (Crjvi, Zn, Mg, H,C,0,, HNO„ P, H3PO,, 
HjPOj, PH3, HjSOg, and a great number of organic substances. 



PLATINUM. Pt = 194.415. 

583. Specific gravity, 21.50 (Deville and Debray, 1875). Melting 
point, 1775° C. (3227° F.) (Violle, 1879). Valence, a dyad in Pt"0, and 
in all platinous compounds ; a tetrad in Pt^O,, and in all platinic com- 
pounds. 

584. Occurrence. — Found in nature only in the metallic state, gene- 
rally alloyed with palladium, iridium, osmium, rhodium, ruthenium, etc. 
The Ural Mountains furnish the largest supply of platinum. 

585. Properties. — Pure platinum is softer than silver, but it generally 
contains iridium, which hardens it and increases its elasticity. In ductility 
it is surpassed only by gold and silver. It is a tin- white metal, nearly as 
lustrous as silver, fusible in the oxy-hydrogen blow-pipe flame, by which it 
can be vaporized. It is obtained as a soot-black powder — *' platinum- 
black " — by reduction from solution of alkali and alcohol ; and as a gray, 
porous, slightly coherent mass — ^^platinum-sponge" — by ignition of am- 
monio-platinic chloride. Both these bodies are remarkable for adhesive 
power ; and both, by strong compression, become compact, malleable, and 
lustrous, in the ordinary form of the metal. Platinum is not affected by 
air or water, at any temperature ; is not sensibly tarnished by hydrosul- 
phuric acid vapor or solution ; and is not attacked at any temperature by 
nitric acid, hydrochloric acid, or sulphuric acid, but dissolves in nitro-hy- 
drochloric acid, to platinic chloride, less readily than gold. 

586. The Preservation of Platinum Vessels requires that it be remem- 
bered : (1) That free chlorine and bromine attack platinum at ordinary 
temperatures (forming platinic chloride, bromide); and free snlphnr, phos- 
phorus, arsenic, selenium, and iodine, attack ignited platinum (forming 
platinous sulphide, platinic phosphide, platinum-arsenic alloy, platinic 
selenide, iodide). Hence, the fusion of sulphides, sulphates, and phos- 
phates, with reducing agents, is detrimental or fatal to platinum crucibles. 
The ignition of organic substances containing phosphates acts as free phos- 
phorus, in a slight degree. 

The heating of ferric chloride, and the fusion of bromides, and iodides, 
act to some extent on platinum. 

(2) The alkali hydroxides (not their carbonates) and the alkaline 
earths, especially baryta and lithia, with ignited platinum i7i the air, gradu- 



Platinum. 157 

ally corrode platinum (by formation of platinites : 2Pt + 2BaO -^ 0^== 
2BaO.PtO). Nickel crucibles are recommended for fusion with alkali hy- 
droxides. 

(3) All metals v)Mch may he reduced in the fusion — especially com- 
pounds of lead, bismuth, tin, and other metals easily reduced and melted 
— and all metallic compounds toith i^edncing agents (including even alkalies 
and earths) form fusible alloys with ignited platinum. Mercury, lead, bis- 
muth, tin, antimony, zinc, etc., are liable to be rapidly reduced, and im- 
mediately to melt away platinum in contact with them. 

(4) Silica with charcoal (by formation of silicide of platinum) corrodes 
ignited platinum, though very slowly. Therefore, platinum crucibles 
should not be supported on charcoal in the furnace, but in a bed of mag- 
nesia, in an outer crucible of clay. Over the flame, the best support is the 
triangle of platinum wire. 

(5) The tarnish of the gas-flame increases far more rapidly upon the- 
already tarnished surface of platinum — going on to corrosion and cracking. 
The surface should be kept polished — preferably by gentle rubbing with 
moist sea-sand (the grains of which are perfectly rounded, and do not 
scratch the metal). Platinum surfaces are also cleansed by fusing iorax 
upon them, and by digestion with nitric acid. 

587. Platinum forms two oxides, platinous oxide, Pt"0, and platinic oxide, Pt""02: 
— both of which represent corresponding classes of oxysalts and haloid salts. The oxy- 
salts are instable. — None of the platinous compounds are permanently soluble in pure 
water; the chloride is soluble in hydrochloric acid, the sulphate in water acidulated with 
sulphuric acid. — Platinic chloride (PtCl4) and bromide, all the platinicyanides (as 
PbPt(ON)e), and the platinocyanides of the metals of the alkalies and alkaline earths (as 
KaPt(ON)4), are soluble in water. The platinous and platinic nitrates are soluble in water, 
but easily decomposed by it, with the precipitation of basic salts. The larger number of 
the metallO'platinic chlorides or ** chloroplatinates " are soluble in water, including those 
with sodium [NaaPtCle or (NaCl)aPtCl4], barium, strontium, magnesium, zinc, alumi- 
nium, copper; and those with potassium, and ammonium, are sparingly soluble in water, 
and owe their analytical importance as complete precipitates to their insolubility in alco- 
hol. Of the metallo-platinous chlorides (the *'chloroplatinites") — those with sodium, 
[Na3PtCl4], and barium, are soluble; zinc, potassium, and ammonium, sparingly solu-^ 
ble; lead and silver, insoluble in water. Platinic sulphate, Pt(S04)9, is soluble in water. 

588. Platinous chloride, PtOla, is a greenish-brown powder, soluble in hydrochloric 
acid without change, as a dark-brown solution, which remains platinous if protected 
from the air, but becomes platinic in contact with the air. The purely platinous chlo- 
ride solution is precipitated by potassium hydroxide and sodium hydroxide b& platinous 
hydroxid-e, Pt(OH)9, dark-brown, soluble in excess, as alkali platinite, EaPtOa. etc.; 
from which alkaline solutions, alcohol precipitates "platinum black *' (585). — Ammo- 
nium hydroxide gives a green crystalline precipitate of platino-dinmmonium chloride, 
NaHePtCla, insoluble in cold water and in alcohol (compare 433). Hydrosulphuxic 
acid very slowly precipitates ^Za/mo!^« sulphide, PtS, black, sparingly soluble in water, 
not affected by acids, sparingly soluble by ammonium sulphide. — Iodide- of potassium^ 
slowly precipitates platinous iodide, Ptia, red-brown to black. — Oxalic acid produces no- 
change; fenrou* sulphate (slowly), and zinc (quickly), reduce the metal. 
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589. Platinic Chloride, FtCl^, is a brown-red solid, dissolying in water, 
or alcohol, us a reddish-yellow solution, permanent in the air. — Potassiiun 
hydroxide, and ammonium hydroxide, give, in solutions not very dilute, 
a yellow crystalline precipilaie, as p'utaffsiimi plati7iic chloride, or potassium 
chloroplatinate, K^PtCl^, etc., slightly soluble in water, insoluble in alco- 
hol, soluble in excess of the alkalies, and reprecipitated by hydrochloric 
acid. Chlorides of potassium and ammonium give the precipitate, the 
most nearly complete. Carbonates of potassium and ammonium form the 
same precipitates, insoluble in excess. Sodium carbonate gives no precipi- 
tate. Sodium hydroxide slowly precipitates, in moderately concentrated 
solutions, after warming, the (brownish -yellow) sodium platinate, Na.PtOg. 
— Potassium iodide colors the solution brown-red, and precipitates the 
hlaxik platinic iodide, Ptl^; with excess of the reagent, forming the spar- 
ingly soluble potassium platinic iodide, K,PtIj, brown. Sodium iodide the 
same. — Hydrosulphuric acid, and ammonium sulphide, slowly precipitate 
the hVdck platinic sulphide, PtS,, slightly soluble in water, soluble by chlo- 
rine, and soluble in ammonium sulphide, as ammonium sulphoplati?iate ; 
sodium sulphoplatinate is likewise soluble, reprecipitated by acids. Phos- 
phates form no precipitate. Eeduction is not effected by oxalic acid (ais- 
ti notion from gold); is slowly accomplished by ferrous sulphate, and rapidly 
by zinc ; also by chloral hydrate, and excess of alkali with heat (formiate); 
the reduced metal being, in each case, in black powder. — By the reducing 
blow-pipe flame, the compounds of platinum are reduced to spongy plati- 
num. 

590. Estimation. — Platinum is invariably weighed in the metallic state. 
It is brought to this condition : (1) By simple ignition ; (2) by precipita- 
tion as (NHJ,PtCl., K,PtCl„ or PtS, and ignition ; (3) by reduction, 
using Zn, Mg, or FeSO^. 

591. Oxidation. — Solutions of platinum are reduced to the metallic 
Slate by the following metals : Pb, Ag, Hg, Sn, (Sn" to Pt"), Bi, Cu, Cd, 
Zn, Pe, Pe", Co, and Ni. Very many organic substances reduce platinum 
compounds to the metallic state. 



PALLADIUM. Pd = 105.737. 

592. Specific gravity, 11.4 (Deville and Debray, 1859). Melting point, 
1500° C. (2732° F.) (Violle, 1878). Valence, a dyad in Pd"0 and in all 
palladous compounds. A tetrad in Pd'^o,, and in all palladic compounds. 
Found in platinum ores. 

593. Properties. — Spongy palladium absorbs 935 times its volume of 
hydrogen, and still retains 600 volumes at 100** C. At very high tempe- 
ratures the whole of the hydrogen is given off. The absorbed hydrogen 
acts in some respects like nascent hydrogen ; reducing mercuric chloride to 
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metallic mercury, etc. Palladium is a white metal, more lustrous than 
platinum, with which it is classed, in accordance with its general properties. 
It is, however, a little more fusible and volatile (in the oxyhydrogen flame), 
and much more oxidizable than platinum. In the air, it is little tarnished at 
ordinary temperatures, but at a red heat it covers with oxide. — It is slightly 
attacked by boiling hydrochloric or sulphuric acid ; dissolves fn nitric acid, 
with formation of palladous nitrate, and if in the cold, with separation of 
nitrous acid, which remains in solution ; more readily in nitro-hydrochloric 
acid, as palladic chloride, PdCl^. It is blackened by alcoholic solution of 
iodine (distinction from platinum). 

694. Palladium forms one stable oxide, palladous, PdO, and two chlorides, pallad- 
ous, PdCla, and palladic, PdCl4. The latter is the most stable of the palladic combina- 
tions, but is reduced to palladous chloride by. boiling in water, and by dilution with 
much cold water. 

Palladous chloride is readily soluble in water with a brownish-red color ; with metal- 
lic chlorides, it forms double chlorides, as potassio-palladous chloride, EaPdCh, all of 
which are soluble in water. — Palladous iodide is insoluble in water, alcohol, or ether ; 
insoluble in dilute hydrochloric acid or hydriodic acid ; slightly soluble by iodides and 
by chlorides. — Palladous nitrate, Pd(N08)2, is soluble in water with free nitric acid ; the 
solution being decomposed by dilution, evaporation, or by standing, with precipitation 
of variable basic nitrates. Palladous sulphate, PdS04, dissolves in water, but decom- 
poses in solution on standing. 

The instable palladic chloride, brown- black in solution, forms double chlorides with 
the metals — as calcium palladic chloride, CaPdClo — these being mostly stable in water, 
and mostly soluble in water and in alcohol. The potassium palladic chloride (red), as an 
exception, is slightly soluble in water and insoluble in alcohol, but partially decomposed 
by both solvents. 

695. Palladous Chloride is precipitated by potassium hydroxide or sodium hy- 
droxide ; as brown basic salt or as brown palladous hydrate, Pd(OH)a, soluble in ex- 
cess of the hot reagents. Ammonium hydroxide gives a flesh-red precipitate of pal- 
ladio-diammonium chloride, NaHaPdCla. The flesh-red precipitate is soluble in excess 
of the ammonia, and from this solution reprecipitated by hydrochloric acid, with a yel- 
low color. The fixed alkali carbonates precipitate the hydroxide ; ammonium carbon- 
ate acts like the hydroxide. — Hydrosulphuric acid and sulphides precipitate the dark- 
brown palladous sulphide, PdS, insoluble in the ammonium sulphides, soluble in nitro- 
hydrnchloric acid. — Potassium iodide precipitates palladous iodide, Pdlg, black, visible 
in 500,000 parts of the solution, with the slight solubilities stated in 594, an important 
separation of iodine from bromine. In very dilute solutions, only a color is produced, or 
the precipitate separates after warming. At a red heat, the precipitate is decomposed. 
Potassium cyanide precipita.tes palladous cyanide, Pd(CN)a, white, soluble in excess of 
the reagent. — Chloride of potassiiun precipitates, from highly concentrated solutions, 
the golden yellow, crystalline, potassium palladous chloride, EaPdClo (594). Phos- 
phates give a brown precipitate. 

Palladous nitrate gives most of the above reactions ; no precipitate with ammonia, 
and a less complete precipitate with iodides. 

596. Palladium is reduced, in dark-colored precipitate, from all compounds in solu- 
tion, by sulphurous acid, stannous chloride, phosphorus, and all the metals which pre- 
cipitate silver. Ferrous sulphate reduces palladium from its nitrate, not from its chlo- 
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ride. Alcohol, at boiling heat, reduces it ; oxalic acid does not (distinction from gold), 
— Nearly all its compounds are reduced by heat, before the blow-pipe, to a '• sponge." 
If this be held in the mner flame of an alcohol-lamp, it absorbs carbon at a heat below 
redness ; if then removed from the flame, it glows vividly in the air, till the carbon is all 
burnt away (distinction from platinum). 

597. Estimation. — (1) As metallic palladium, to which state it is re- 
duced by mercuric cyanide or potassium formate ; it is then ignited, first in 
the air and then in hydrogen gas. (2) As K^PdCl^. Evaporate the solu- 
tion of palladic chloride with potassium chloride and nitric acid to dryness, 
and treat the mass when cold with alcohol of .833 sp. gr., in which the 
double salt is insoluble. Collect on a weighed filter, dry at 100° C, and 
weigh. 

MOLYBDENUM. Mo = 95.527. 

598. Specific gravity y 8.56 (Loughlin, 1868). Valence, a dyad in 
Mo"0 and in l/Lo'Cl^ ; a triad in Mo"',0, and in liLo"\0\ ; a tetriad in 
Mo^Oj and in Mo^^ci^ ; a hexad in Mo^^O, and in molybdates. 

599. Occurrence. — Not found native. But occurs chiefly as molyb- 
denite, MoS,, as an oxide in molybdenum ochre, MoO,, and as wulfenite, 
PbMoO^. The metal is reduced from its oxides by heating with carbon, or 
in a current of hydrogen. 

600. Properties. — It is a silver-white, hard and brittle metal, fusible^ 
at the highest furnace heat. It is not oxidized in the air at ordinary tem- 
peratures ; but when slowly heated, it gains a brownish-yellow, then a blue 
tarnish ; and at a higher heat, it burns to MoO,. It is oxidized by water 
vapor at a red heat. It is quickly dissolved by nitric acid, as molybdic 
anhydride (MoO,), with evolution of nitric oxide ; slowly by hot, strong; 
sulphuric acid, with liberation of sulphurous anhydride. Molybdenum 
forms three classes of compounds, viz., molyhdous oxide (sometimes called 
hypomolybdous oxide), Mo"0'; chloride, MoCl,, and other molybdous salts ;. 
molybdic oxide (sometimes called molybdous oxide), Mo""0, ; chloride, 
MoCl^, and corresponding salts ; and molybdic anhydf'ide, Mo^O,, which 
combines with bases, to form stable molybdates — also feebly unites with 
strong acids. Each of these classes includes stable salts ; the two bases are^ 
converted into molybdic acid or molybdates by strong oxidizing agents ;, 
while molybdates are reducible to one or the other of the bases by deoxidiz- 
ing agents. 

601. The molybdous salts are not generally very permaneDt in solution. The chlo- 
ride is soluble (in dilute hydrochloric acid?); the bromide and iodide decomposed iik 
water to oxybromide and oxyiodide; the sulphate decomposed by water to a soluble and 
an insoluble salt ; the nitrate soluble in water. The solutions are dark-brown andi 
opaque. 
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Water dissolves the tetrachloride, bromide (yellow-brown solution), iodide (red solu- 
tion), nitrate and Mo(S04)2 (reddish-brown solutions). 

Mulybdic anhydride is very sparingly soluble in water (800 parts). It does not form 
an acid in the solid state. The normal molybdatea of the alkali metals (as EaMo04) are 
soluble, of the remaining metals insoluble in water. The molybdenum trisulphate, 
Mo(S04)s, and molybdenum hexa-chloride, MoOla, are soluble in water; the correspond- 
ing nitrate, Mo(NOs)fl, soluble in dilute nitric acid. 

Molybdous salts, as Mo(NOs)3, with alkali hydroxide and oarbonates. precipitate 
the dark-brown molyhdoua hydroxide, becoming blue in the air by oxidation to molybdic 
molybdate, Mo(Mo04)a and MoaOs. The hydroxide is insoluble in alkalies, sparingly 
soluble in alkali carbonates, readily soluble in alkali hydrogen carbonates. With hy- 
drosulphurio aqid and sulphides, a brown precipitate of molybdous sulphide, MoS, solu- 
ble in ammonium sulphide. 

602. Molybdio salts, as M0CI4, with alkali hydroxides and sulphides, give reac- 
tions corresponding with molybdous salts, and likewise turn blue in the air, by formation 
of intermediate oxides. The precipitated hydroxide is reddish-brown ; it dissolves in al- 
kali carbonates by formation of alkali molybdates. Zino precipitates molybdous hydrox- 
ide, by reduction. 

603. Molybdic Anhydride is a white powder, or is in needle-form crys- 
tals, turning yellow when hot and again white on cooling ; melting at a red 
and vaporizing at a white heat. It is soluble by acids, and by alkali- 
hydroxides, especially ammonia, in formation of molybdates. 

Water solutions of MOLYBDATES, with acids, precipitate molybdic 
anhydride, M0O3, white, soluble in excess of the acids.* Hydrosulphurlc 
acid colors the molybdate in neutral or alkaline solutions, yellow to brown, 
without precipitation ; but from the acid solutions it precipitates the brown 
MoS,, sulphomolyhdic acid, the supernatent liquid appearing blue. The 
precipitate is soluble in ammonium sulphide, better when hot and not too 
concentrated, as ammonium thiomolybdate, (NHj^MoS^, from which acids 
repiecipitate M0S3. 

604. Tribasic phosphoric acid and its salts precipitate, from strong 
nitric acid solutions of ammonium molybdate, somewhat slowly and on 
warming, ammonium phosphomolybdate, yellow, of variable composition, 
soluble in ammonia and other alkalies, sparingly soluble in excess of the 
phosphate. Hydrochloric acid may be used instead of nitric. Tlie sodium 
phoftphomo^ybdate is soluble in water, and precipitates ammonium from its 
salts ; also, it precipitates the alkaloids — for which reaction it has some 
importance as a reagent.f 

* In making the solution of molybdate with nitric acid, used as a reagent, the slightly alkaline sdntion 
of the molybdate is poured into the nitric acid, slowly, with stirring. 

t Sodium Pho8phomolybdateSonnen6chein''s reagent for acid solutions of alkaloids— is prepared as 
follows : The yellow precipitate formed on mixing acid solutions of ammonium fholybdate and sodium 
phosphate— the ammonium phosphomolybdate- is well washed, suspended in water, and heated with sodium 
carbonate until completely dissolved. The solution is evaporated to dryness, and the ret^idue gently ignited 
till all ammonia is expelled, sodium being substituted for ammonium. If blackening occurs, from reduction 
of molybdenum, the residue is moistened with nitric acid, and heated again. It is then dissolved with water 
and nitric acid to strong acidulation ; the solution being made ten parts to one part of residue. It mast be 
kept frcm contact with vapor of ammonia, both daring the preparation and when preserved for use. 
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Arsenic acid and arsenates give the same reaction ; ammonium arseno* 
molyhdate being formed. 

Recent molybdic anhydride, well washed (with alcohol and then water), on digestion 
with aqueous phosphoric acid, forms a lemon-yellow salt, insoluble in water, but slowly 
soluble in excess of the hot phosphoric acid, as acid permolybdic phosphate or phospho- 
molybdic acid. It is soluble in alcohol as well as in water ; the solution giving, with 
ammonia and with alkaloids, the yellow precipitate of ammonium phosphomolybdate, 
etc. 

606. The alkaline solutions — normal molybdates of the alkali metals — give, with all 
non-alkali salts, precipitates of non-alkali molybdates, the latter being insoluble (or 
sparingly soluble) in water. The following are some of the reactions giving precipitates: 

EaMo04 + BaCl, = BaMo04 + 2E01 
EaMo04 + Pb(N08)a = PbMoO* (wulfenite) + 2EN08 
E3M0O4 -f OnS04 = CUM0O4 (yellow-green) -\- EaS04 

606. Reducing agents convert molybdic acid either into the blue inter- 
mediate oxides, or, by further deoxidation, into the black molybdous oxide, 
MoO. In the (hydrochloric) acid solutions of molybdic acid, the blue or 
black oxide formed by reduction, will be held in solution with a blue or 
brown color. Nitric acidulation is, of course, incompatible with the reduc- 
tion. Certain reducing agents act as follows : 

Ferrous salts (in the hydrochloric acid solution) give the blue oxide 
solution. Cane sugar, in the feebly acid boiling solution, forms the blue 
color — seen better after dilution ; a delicate test. Stannous chloride forms 
first the blue, then the brown, or the greenish-hr own to black-brown, solu- 
tion of both the intermediate oxide and the molybdous oxide. Zinc gives 
the blue, then green, then broivn color, by progressive reduction. Formic 
and oxalic acids do not react. — Dry molybdates, heated on platinum foil 
with concentrated sulphuric acid to vaporization of the latter, form, on 
cooling in the air, a blue mass — a very delicate test.* 

607. With microcosmic salt, in the outer blow-pipe flame, all compounds of molyb- 
denum give a bead which is greenish while hot, and colorless on cooling; in the inner 
flame, a clear green bead. With borax, in the outer flame, a bead, yellow while hot, and 
colorless on cooling; in the inner flame, a brown bead, opaque if strongly saturated (mo- 
lybdous oxide). On charcoal, in the outer flame, molybdic anhydride is vaporized as a 
white incrustation ; in the Inner flame (better with sodium carbonate), metallic molybde- 
»um is obtained as a gray powder, separated from the mass by levigation. 

608. Estimation. — (1) Molybdic anhydride and ammonium molybdate 
may be reduced to the dioxide by heating in a current of hydrogen gas. 

* A solution of 1 milli^am of sodium (or nmmoninm) molybdate in 1 c.c. of concentrated sulphuric 
acid (about 1 part to 1,840 parts) is in use^as Fboshde's* Reagent for alkaloids. The molybdenum in this so- 
lution, which must be freshly prepared for use each time, is reduced by very many organic substances; and 
with a large number of alkaloids^ it gives distinctive colors, blue, red, brown, and yellow; 
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The heat must not be permitted to rise above dull redness. Or the tem- 
perature may rise to a white heat, which reduces it to the metallic state, in 
which form it is weighed. (2) Lead acetate is added to the alkali molyb- 
date, the precipitate washed in hot water, and after ignition weighed as 
PbMoO^. (3) Volumetrically. The molybdic acid is treated with zinc and 
HCl, which converts it into Mo,Clg. This is converted into molybdic acid 
agum by standard solution of potassium permanganate. 

GEBMANIUM. Ge = 72.32. 

609. — Specific gravity, 5.469 (Winkler, 1886). Melting point, 900° C. 
(1652° F.) (Winkler, 1886). Valence, a dyad in Ge"0, and in all ger- 
manous salts ; a tetrad in Ge'^O,, and in all germanic salts. Found in 
argyrodite. A white, lustrous metal, brittle and easily powdered. It dis- 
solves in HjSO^, not in HCl. HNO, converts it into white GeO,. 

It forms two series of compounds, the germanous and the germanic. 
GeClj is formed by passing HCl over the heated metal, and is a colorless, 
fuming liquid, boiling at 72° C. 

GeCl^, formed by the direct union of its elements, is also a liquid boil- 
ing at 86° C. It fumes in the air, and is decomposed by water. GeO is 
formed by treating GeCl, with KOH, and heating the precipitate in a cur- 
rent of COj. GeO, is formed when the metal burns in oxygen. It is white, 
and sparingly soluble in water, from which it may be crystallized. It acts 
as an oxide toward stronger bases. When GeCl^ is treated with H^S, GeS, 
is precipitated. It is somewhat soluble in water, unless HCl is present. 
It dissolves in alkali sulphides. Heating it in hydrogen gas converts it 
into GeS. GeS is soluble in KOH, which converts it into germanium and 
G^S,. For description of other germanium compounds see Jr, Prakt. 
Chem., 1886, (2), 34, 177. Also other articles in same journal by 0. 
Winkler. 

NORWEGIUM. Ng = 218.93 ? 

610. — Discovered by Dahll in a specimen of Norwegian nickel glance. 
Specific gravity, 9.441. Melting point, 254° C. Chemically it resembles 
bismuth. Its chloride is precipitated by water, forming an oxychloride. 
The oxide (probably Ng^O,) is fusible, and gives, with the blow-pipe, a 
metallic incrustation. But unlike bismuth, its hydroxide is soluble in both 
the alkali hydroxides and alkali carbonates. 
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Reactions of Certain Rare Metals, 



611. Reactioiia of Ruthenium, Iridium, Rhodium, and Oimium. 



In solution as 



HsSf in aoid soL 



(NH4)aS„ in ex- 
cess. 

KOH or KaOH, 
in excess* 

SnCls. 

Zn. 

KKOs. 



BuaCl«, 
orange. 

HuaSstlirown, form- 
t'd a lowly, with 
blue sol. 

Solution formed with 
difficuliy. 

Bua(OH)«, black. 



Pre., metallic Bu* 

Pre , Bol. in excess, 
turned to dark red 
by (NH4)a8. 

(1) 



(Na01),IrCl4, 
black. 

IrjSt + S, brown. 



Solution. 

Brown-black pre., 
turning bine. 

(Na01)«Ir,01,. 

Ir, black. 

Ir(OH)4 + B:N0„ 

boiled with SOj, 
green i re. 

(2) 



78Bh(804)8, 

rose-colored. 

BhaSs, brown, m)1. 
in hot nitric acid. 



Precipitate.' 



Solution, pre. by al- 
cohol. 



Bh, black. 
Pre., orange. 

(3) 



HaOs04. 

Pre. OSS4, black. 



Pre. OSS4, black. 



Pre. brown. 

Os. 

Pre. KaOs04. 

(4) 



(1) Potassium thiocyanate, in absence of other platinum metals, slowly forms a red cohr^ turning to 
Tiolet when boiled. 

(2) The metal is insoluble in all acids. After fusion with sodium hydroxide and oxidizing agents, it 
dissolves by nitro-hydrochloric acid. 

(3) The metal is insoluble in all acids; but by fusion with potassium hydrogen sulphate, forms the solu- 
ble salt above taken. 

(4) The metal vaporizes at white heat, and burns to OSO4, an acidulous anhydride, having an irritating 
and offensive odor, and forming instable osmates of great oxidizing power. Osmates separate iodine from 
iodides, decolorize indigo solution, and, with sulphites, give a deep violet color or blue precipitate. 



612. Reaotiong of Tellurium, Selenium, and Tungsten. 



In solution as 
HaS in acid sol. 

(KH4)aSa» excess. 
HOI. 

SnOla- 



Fusion on Oh, 
with NaaOOs. 



KaTeOs. 

TeSa, 

b|*own, 

No pre. 

HaTeOs, 

white pre. 



Te, 



black. 



KaTe04. 



Boiled, HaTeOa, 
and 01. 



NaaTe, staining Aff, and with ncider 
giving HoTe, navmg odor of HaS, 
and dissolving red. 



(1) 



(2) 



NaaSebs- 
SeSa* 

No pre. 
No pre. 

Se, red. 



NaaSeO^ 



Boiled, H^Se- 
Os, and 01. 



NaoSe, stainingAfir, and with 
acids giving HaSe, of foetid 
odor, soluble in water. 



(3) 



(4) 



NaaW04- 

Blue solution^ 
KaaWS4. 

No pre. 

HaW04, 

white pre., 
then yellow. 

Yellow pre., 
he>)ted with 
HOI, blue. 

W, black. 



(5) 



(1) The teUuHtes of the alkali and alkaline earthy metals are soluble in water, the other tellurites in- 
soluble. 

(2) The teUurates of the alkali metals* alone, are soluble in water. 

(3) Except those of the alkali metals, the sdenites are insoluble in water. 

(4) Lead, barinm, strontium, and calcium selenates are insolnble in water; other selenates, solabla 
Barium selenate, insoluble in HOL 

(5) Of the tungstates, only those of the alkali bases dissolve in water. 
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613. VALENCE AND NEGATIVE BONDS. — A Bond is a measure 
of oxidation. Its use in this work is independent of structuml formulae. 

Oxidation is an increase of bonds. Eeduction is a decrease of bonds. 
Formerly, oxidation was understood to mean an increase in oxygen. But 
the use of the word in that restricted sense has been completely aban- 
doned. 

One substance is said to oxidize another, when it transfers the whole or 
u part of its bonds to that other substance. > 

One substance is said to reduce another, when it receives the whole or a 
part of the bonds of that other substance. 

When oxidation occurs, all of the bonds lost by the oxidizing agent are 
gained by the reducing agent. No bonds are annihilated. To conceive of 
such destruction would be a mathematical absurdity. 

If the indestructibility of bonds is established, then the existence of 
negative bonds becomes a mathematical necessity. The bonds of free ele- 
ments must be expressed by zero. That is, they either have no bonds, or, 
if they have any, their algebraic sum is zero. 

3S11CI3 + HaSOa + 6HC1 = dSnCl4 + HaS + dHt,0 

In this equation every one will admit that the three atoms of tin gain 
six bonds; the bonds of the sulphur in the H^SO, have then been dimin- 
ished by six ; that is, it has given up six bonds to the tin, and having only 
four in the first place must now have minus two. (4 -6 = -2). 

aSnCla + HIOs -h 6HC1 = 3SnOl4 + HI 4- 3HaO 

Here also the three atoms of tin gain six bonds, and these are furnished by 
the iodine of the HIO,. It has five in the first place, and being diminished 
by six, has one negative bond remaining (5 -0 = -1). In other words, 
unless we deny that iodine has five bonds in HIO,, we must admit that it 
has one negative bond in HI (written H'I~'). 

4HaMna08 + 5AsH, + SHaSOi = 5HaA804 + 8MDSO4 4- 12HaO 

165 
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In this equation eight atoms of manganese in the first member have 56 
bonds, and a like amount in the second member has only 16, losing 40, 
and this 40 has been gained by the five atoms of arsenic. They now have 
25, after gaining 40. They must then have had —15 in the first place 
(25— 40 = -15). That is, the atom of arsenic in arsenious hydride has 
-3 bonds (As-'"HJ. 

SnOla -f HgOls = Hg + SnOli. 

This equation illustrates the principle that free elements have na 
bonds. The tin gains two bonds, and these two bonds are taken from the 
mercury in the HgCl,. If then the mercury had only two bonds which it 
has given up to the lin, it now has no bonds left (2 -2 = 0). Unless one 
denies that mercury has two bonds in HgCI,, he must admit that free mr- 
cury has no bonds (Hg°), or, if it has any bonds, their algebraic sum is 
zero. We will not multiply examples, but ask that one reasoning upnu 
this subject settle upon, (1st) a reasonable definition of the word bond ; 
(2d) a reasonable definition of oxidation ; (3d) that he does not overrule ihe 
conclusions to be reached by the simplest mathematics ; (4th) that he con- 
sider carefully the principle here asserted, that no annihilation of bonds 
can take place. 

Further the negative bond theory does not contradict the conclusions 
reached in the determination of structural formula, but the word bond is 
used in a totally different sense. Our bonds are oxidation bonds, not sti'uc- 
tural bonds. (See also next paragraph by Prof. Prescott.) 

Oxidation Valence means degree of oxidation ; and bonds are the units 
used in counting valence. Oxidation Valence should never be used to mean 
capacity for oxidation, but to denote actual, completed oxidation. 

0. C. J. 

614. As the term is ordinarily used by chemists, valence is a numerical 
measure of the exte^it of chemism, counted in the number of univalent 
atoms held in combination. Chlorine has one unit of valence in HCl; 
oxygen has two units of valence in H,0 ; nitrogen has three units of valence 
in H3N; carbon has four units of valence in H^C. The atom of hydrogen 
is a standard for the unit in valence, as it is for units of atomic and mole- 
cular weights. Leaving out of view the attempt to fix upon a constant 
valence, to be for any element always the same in every combination it can 
make, valence is here defined as the measure of the existing chemical union 
of any element, a measure found in a given compound or in a given set of 
compounds, or a series of measures found in different sets of compounds. 
Chlorine has a valence of one unit in chlorides because in these an atom of 
chlorine is found to hold one monad atom ; it has a valence of five units in 
chlorates because in these each atom of chlorine is found to hold as many 
bonds as would satisfy five monad atoms. Other valences of chlorine are 
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found in other combinations of less frequent occurrence.* In its usual, 
sense, then, the valence of an element is the number of univalent atoms held 
in union by one atom of the element in question. The bond is the unit of 
valence. A bond is that extent of chemism which holds one monad atom, 
in chemical union. 

It is nearly ten years since Professor Johnson introduced f the use of 
positive and negative bonds in the chemical notation of oxidation and re-i 
duction. In this notation the bonds of every element are positive or nega- 
tive or zero, according to whether the element be united with a negative 
body or a positive body or be uncombined, and as shown by rules (615). 

The undersigned has elsewhere said J that chemism must be considered 
*'a union or capacity of union of opposites, a union by the positive action 
of one atom with the negative action of anotiier atom." In chemical 
union, then, there is a certain chemical polarity to the exercise of valence. 
The terms positive and negative may bo adopted for the respective opposites 
in chemical union, with some correspondence to the polarity of electrical 
action. This poLirity in chemism is well known to be for the most part 
meiely relative. Sulphur is chemico- negative to hydrogen, but is positive 
to oxygen. 

Accepting Prof. Johnson's original use of plus and minus signs for posi- 
tive and negative bonds in notation, under his most delightful method of 
balancing equations for changes of oxidation, the writer has been led to go 
a step further, § as follows : The valence of an atom in a given compound 
may be all positive or all negative, or partly positive and partly negative, 
this polarity being wholly relative in its nature. As nitrogen is negative to 
hydrogen, but positive to chlorine, therefore in ammonium chloride the 
atom of nitrogen has four negative bonds and one positive bond, thus : 
N - 4 4- 1 H + i,Cl - 1, or H + 1,(- 4 N + 1 )C1 - 1- Holding five monad atoms, 
the atom of nitrogen has five units of valence, or five bonds. Of these five 
units of valence, four are negative units and one is a positive unit, so that 
the algebraic sum of these units is negative three : N-'* + ^ = N--3. And 
in taking the valence measure, for balance of the results of oxidation and 
reduction, the nitrogen of ammonium chloride is found to have three nega- 
tive bonds under the rule of Prof. Johnson. ^' In the notation of Prof. 
Johnson it is only the algebraic sum of the positive and the negative units 
of valence of any element or atom that is taken account of. This algebraic 

* It is said sometimes that valence ought to be, like atomic weight, a fixed attribute of any element, the 
same in all its combinations. Well, we do not find it to be so, nnd so far therefore it ought not to be so. 
Because the atomic weight of an element is the same in all its combinations, it does not follow that valence 
is always the same. It is certain that the strength of the chemism of any element is not the same in its 
unions with different elements, though it was at one time assumed that it must be the same. 

t O. C. Johnson, 1880 : Chem. News, 42, 51. 

X "Positive and Negative Units of Valence," A. B. Prescotc, 1887: Proc. Am. Assoc. Advanc.Sci.^ 
86, 130. 

§ Proc. Am. Assoc. Advanc. Sci., 36, 130. 
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sum of the positive and negative units should not be mistaken for the en- 
tire number of different units of valence, the latter number being all re- 
quired in constitutional formulae." Thus, to say that in ammonium chlo- 
ride nitrogen has three negative bonds, no more, is to violate the first defi- 
nition of a bond, *' that extent of chemism which holds one monad atom in 
chemical union," for, certainly, five monad atoms ai'e held here in combi- 
nation. 

On the other hand, to say that nitrogen in ammonia has three bonds, 
and that in nitric acid it has two more or just five bonds, is to make a very 
misleading statement, one that receives correction through Johnson's nota- 
tion. In the conversion of ammonia into nitric acid by any oxidizing 
agent, not two but eight units of valence of the agent are consumed. As 
Prof. Johnson would say, tlie difference between minus 3 and plus 5 is a 
difference of 8 bonds, a statenient that justifies the results of every-day 
operations in oxidation and reduction. 

To affirm botli the structural valence of modern chemistry and the oxi- 
dation valence of Prof. Johnson the following definitions are here offered : 
(1) VALE>fCE, counted in the number of its units, is a measure of the num- 
ber of monad atoms held in chemical union. (2) Valence, counted in the 
algebraic sum of its positive and negative units, is the measure of the de- 
gree of oxidation. (3) A bond is a unit of valence, j)ositive or negative, 
according to relations. In the measure of the number of monad atoms 
in union the arithmetic sum of the bonds is to be taken ; in the measure of 
the degree of oxidation the algebraic sum of the bonds is to be taken. 
(4) Oxidation is an increase, and reduction is a decrease, in the algebraic 
sum of the units of valence. 

An illustration of the>e definitions — which are presented merely in brief 
statement of what is well known — may be taken as follows. In dichlor- 
niethane, C + ^-^H + ^^CI- i,, the atom of the carbon has four bonds, that 
is, it holds four monad atoms in chemical union. Its degree of oxidation 
is zero, that is, two of its bonds are positive toward the chlorine and two 
are negative toward the hydrogen, so that its polarities are evenly bal- 
anced. (It is better not to say that it has no bonds.) The arithmetic sum 
of its units of valence is four ; the algebraic sum of the same is zero. If 
the compound be oxidized to CHClg, the algebraic sum of the bonds of the 
carbon atom becomes plus two (0-^-1-3 = 2). jf th.e compound be reduced 
to CHgCl, the algebraic sum of the bonds of the carbon atom becomes 
minus two (C- 3 + 1 = -2), But in CH,, in CH,C1„ CHCl,, and CH3CI, 
alike, the carbon atom has four bonds — a valence denoting merely that it 
holds four atoms in chemical union. 

The undersigned is compelled to go one step further, in his conception 
of the polarity of the units of valence, a step to rench sSme understanding 
of the union of the atoms of an element with each other. Such a union we 
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have between the two atoms of iron in a molecule of ferric chloride,* thus 
Cl-^jPe+^Pe-i + ^ci-i^. The relation of the one atom of iron to the 
other is expressed thus, Pe + -Fe. Within the eight bonds of the two 
tetrads, there is one negative bond, so that the algebraic sum of all is plus 
six. As elsewhere stated, in presenting a hypothesis seemingly consis- 
tent with all facts, like atoms must be united to each other by valence posi- 
tive in the one atom and negative in the other, as in elemental molecules 
and in the union of carbon to carbon in organic compounds. A. B. P. 

BULE FOB BALANCING EQUATIONS. 

615. The number of oxidation bonds which any element has is deter- 
mined by the following rules : 

a. Hydrogen has always one positive bond. 
h. Oxygen has always two negative bonds. 

c. Free elements either have no bonds, or the mathematical sum of 
those bonds is zero. 

d. The sum of the bonds of any compound is zero. 

e. In salts the bond of the metal is always positive. 

/. In acids and in salts the acid radical has only negative bonds. 
Thus, the bond of free Pb is zero, but in PbCl, the lead has two posi- 
tive bonds, and each atom of chlorine has one negative bond. 

In Bi,S,, each atom of Bi has three positive bonds (e), and each atom of 
8 has two negative bonds (/). 

In ammonium nitrite NH^NO^, the N of the NH^ has three negative 
bonds, each atom of H has one positive bond. The other N, that of the 
acid radical, NO,,, has three positive bonds, and each atom of O has two 
negative bonds, the sum being zero -3 + 4 + 3-4^0. 

In the following salts, etc., the bond of each element is marked above, 
with its proper sign, pins being understood if no sign is given. Then fol- 
lows the equation in full, the bonds of each atom being multiplied by the 
number of atoms, and all being added, the sum is seen to be zero. 

Hg"(Nv03-"), . 2 + 10 - 12 = O; 
Bi"'2(Sv^04-2)s . 6 -h 18 - 24 = 
Ba "(Mnv"04--)a . 2 + 14 - 16 = 
Fe"^(Nv08-2)6 . 6 + 80 - 86 = 
H'Ca^Hs'Oa-* .1+0 + 3-4 = 
(N-'"H4')aCraVi07-» . - 6 + 8 + 12 - 14 = 
Oa-''H«'0-« . -4 + 6-2 = 0. 

If the above is understood, the rule for balancing equations is easily ex- 
plained. 

The nitmbee of bonds changed in one molecule of each shows 

* See page 12, foot-notew 
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THE NUMBER OP THE MOLECULES OF THE OTHER WHICH MUST BE TAKEN", 

the words each and othe?' referring to the oxidizing and reducing agents. 
A few equations will illustrate the application of ihe rule. 

(1) 8H3S + 8HNO3 = 8H3SO4 + 8NO + 4H3O. 

The S in the first member has 2 negative bonds {a and d); in the sec- 
ond member it has 6 positive, gaining 8 bonds ; hence 8 molecules of 
HNOj must be taken. The nitrogen in the first member has five bonds, 
and in the second it has two. The difference is three, therefore just three 
molecules of H,S must be taken. 

(2) mhSz + 28HNO, = 3Sbt,06 + 9Ht,S04 + 28NO + 5H3O. 

In this case, both the Sb and j^he S in the molecule gain bonds, and 
must be considered. It is plain (from cl and e) that each atom of Sb gains 

2 bonds, and the two in the molecule will gain 4. 

The S in Sb^S, has 2 negative bonds, and in the second member (in 
H3SOJ it has 6 positive bonds — a gain of 8. The three atoms in the mole- 
cule will gain three times eight, or 24 bonds ; to this add the 4 which the 
Sb has gained, and we have 28 bonds gained by one molecule of Sb^S, ; 
hence 28 molecules of HNO3 must be taken. We take 3 of Sb^Sg for rea- 
sons explained in the first equation. 

(8) 4Hg3(A804), + IGHsPOa = 12Hg + 2A84 + I6H8PO4. 

One atom of Hg loses 2 and three lose 6 bonds. One atom of As loses 5 
and two will lose 10 bonds. The Hg and As together lose 16 ; hence take 
16 of H3PO,. The P of H3PO, (hyp >phosphorous acid) has one bond, and 
in HgPO^ it has 5 — a gain of 4 ; hence 4 of Hg3(AsOj3 must be taken, 

(4) 30u -h 8HNOs = 30u(N03)a + 2NO + 4HjO. 

The rule here requires 3 of Cu and 2 of HNO,, and in fact this is all 
that is used for oxidation, only tivo molecules of NO being formed ; but 6 
more of HNO3, which are not 10 be reduced, are required to unite with the 
Cu, making 8 in all. 

(5) 8Hg2la -h 26HNO, = 6Hg(N08)2 + BHIOs' -h 14NO + lOHaO. 

The Hg aiid the I together in one molecule of Hg,I, gain 14 bonds ; but 
12 more of undecomposed HNO3 are required to unite with the Hg, or 26 
in all. 

(6) 6Sb -h lOHNOs = 3Sb,0. + lONO -h 5HaO 

The rule calls for 3 of Sb and 5 of HNO3 ; but since the product Sb^O^ 
cannot be written with an odd number of atoms, we must double the num- 
ber of each and take 6 and 10 instead of 3 and 5. 

(7) Pb(NOs)a -h 6KOH + 6A1 = Pb + 2NH8 4- 3KaAla04. 

The Pb and the N lose 18 bonds and the Al gains 3 ; but since 

3 2I8 :: I : 6, we take the latter ratio because the numbers are smaller. 

6Ag,A804 + 22EOH + 22A1 = ISAg + GAsHs + llEaAl304 + 2H3O. 
Here the rule calls for 3 of Ag3AsO^, and 11 of Al ; but we double these 
numbers, taking 6 and 22, as in equation 6. ^ 

(8) 36Fe(OH)a + 108HC1O, = PeaOle + 17Pea(0108)e + OOHaO. 
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That portion of the CI which is reduced loses 6 bonds and the Pe gains 
one, so the ratio would be 6 and 1 ; but Fe^Cl^ cannot be written with one 
of CI, so instead of taking 6 and 1, we take 36 of Pe(OH), and 6 of HCIO,. 
Now, one of Pe^Clg is formed, and the rest of the Fe becomes Pe3(C103)g. 
But 102 molecules of unreduced HCIG, will be required to unite with tlie 
remaining 34 atoms of Pe, making in all 108 of HCIG,. 

(9) 36Pe,(ABO,)a + 324H0103 = TPeaOle + 47Fea(010,). + 

72H8A8O4 + 54H2O. 
The CI loses 6 and the ferrous arsenite gains 7 bonds ; but since Pe^Cl^ 
cannot be written with 7 atoms of CI, we must take larger numbers, having 
the ratio of 6 to 7. It will be seen that 36 of Pe3(As03), and 42 of HCIO, 
are the smallest numbers that will answer. This gives us 7 of Pe,Cl„, but 
enough unreduced HCIG, must be taken to unite with the remaining 94 
atoms of Pe ; for this purpose 282 will be required, which, with 42 which 
are reduced, makes 324. 

(10) CaHaaO,, + IBHNOa = 1200a + 16NO + 19HaO. 
Cane Sugar. 

This takes place with HNOg, specific gravity 1.50. The sum of the 
bonds of the in the first member is equal to zero, in the second mem- 
ber these 12 atoms have 48 bonds ; hence take 3 and 48, or simpler, 1 
and 16. 

(11^ 4KaOr04 + SOaHeO + lOHaSO* = 20ra(Sb4)3 + 

^^''''^''^- 4KaS04 + 3H0,H,0, + ISHaO. 

The two atoms of C in the alcohol have 4 negative bonds, and in the 

acetic acid their bonds are equal to zero, gaining 4 bonds ; hence take 4 of 

KjCrO^. The Cr loses 3, so we take 3 of alcohol and 10 of H,SO^, enough 

to combine with the K and the Cr. 

(12) SOsHgOs + I4HNO3 = 9COa + 14NO + 19HaO. 
Glycerine. 

Unless HNO3 of proper strength and temperature be employed, other 
products are formed, and, if the HNO, is strong enough, nitroglycerine. 

The 3 atoms of C in the glycerine have two negative bonds, but in the 
second member the same 3 atoms have 12 positive bonds, gaining 14 ; hence 
we take 14 molecules of nitric acid and because the nitrogen loses three 
bonds we take three molecules of the glycerine. 



THE NON-METALLIC ELEMENTS will be described in the order of 
their atomic weights. And the acids in the order of oxidation valence ; the 
acid in which the element has the lower number of bonds being placed fiist. 

HYDROGEN. H = 1. 

616. Specific graifity, 0.069234. A crith is the weight of one litre of 
hydrogen. It is taken as the unit of weight for gases. Thus one litre of 
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oxygen weighs 15.9633 erithrf, and one litre of bromine weighs 79.768 
criths. At 0° C. one erith (one litre) of hydrogen weiglis"^0.0b9o78 
grammes, the barometer showing 760 mm. (about 30 inches) pressure. ^ Its 
vapor density (1.00) shows that its molecule has two atoms, Hg. 

617. Occurrence. — It is rarely found in nature in a free state. Volcanic 
gases, and gases from oil wells, sometimes contain hydrogen in a free state. 
It has been found occluded in meteorites, and by means of the spectroscope 
it is found in the atmosphere of the sun. 

618. Production. — Hydrogen is prod ticed : (1) By electrolysis of water, 
(2) By the action of potassium or sodium amalgam upon water. (3) By 
the action of certain dilute acids upon the easily oxidized metals. Details 
are specified in the description of each acid. (4) By dissolving zinc or alu- 
minium in solutions of fixed alkalies ; better in presence of finely divided 
iron or platinum. (5) By action of heat upon formic or oxalic acid in 
presence of a fixed alkali hydroxide (a), (6) By action of steam upon red 
hot metals, such as iron (5). (7) By action of steam upon red hot parbon 
(charcoal, coke, or anthracite coal) (c). Methods 5 and 6 are used in the 
production of the so-called ** water gas." 

a. HOHOa + 2EOH = K2OO3 + H2O + Ha 
h, 3Pe -t- 4H2O = PesO* -h 4Ha 

c. 2H3O + O = OOa + 2H3 

d. O + HaO — 00 -h Ha 

Eeaction (c) takes place at a red heat. The CO, may be separated by pass- 
ing the mixed gases through lime-water. Reaction (d) takes place at a 
wl}ite heat. 

619. Properties. — A colorless and odorless gas ; not poisonous, but 
causes death by exclusion of air. It is the lightest body known. Hence it 
is the best gas for filling balloons, but illuminating gas is sometimes used, 
being cheaper. Sound travels three times faster in it than in air. It refracts 
light more powerfully than any other gas, and six times as much as air. 
Under a pressure of 650 atmospheres at -140° C. (-220° F.) it condenses to a 
liquid. This extreme cold is obtained by the rapid evaporation of liquid 
SO^ and CO^. Many metals absorb hydrogen slightly. Palladium most of all. 
According to Graham, palladium wire at a red heat absorbs 935, and at 
ordinary temperatures, 375 times its volume of hydrogen. 

In this occluded condition it reduces Fe^Cl^ to PeCl,, and HgCl, to me- 
tallic mercury. Hydrogen burns with a non-luminous, very hot flame, giv- 
ing more heat than an equal weight of any other element, or any mixture 
of elements. One gramme in burning produces heat enough to raise 34462 
grammes of water from 0° to 1° C. A like amount of charcoal carbon, 
when burned to CO^. only produces lieat enough to raise 8080 grammes of 
water one degree C. (Favre nnd Silbkrmann). 

Hydrogen is usually estimated by measure rather than by weight. 

620. Oxidation. — Chlorine and bromine unite directly with hydrogen 
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in the sunlight, but heat is required to effect its combination with iodine, 
fluorine, and oxygen. 

All oxides, hydroxides, nitrates, carbonates, oxalates, and organic salts- 
of the following elements are reduced to the metallic or elemental state by 
ignition in hydiogen gas : Pb, Ag, Hg, Sn, Sb, As, Bi, Cu, Cd, Pd, Mo,. 
RUj Os, Rh, Ir, Te, Se, W, Pe, Co, Ni, Zn, Tl, Nb, In, V. 

Compounds of aluminium, manganese, and of the fourth and fifth group 
metals have not been reduced by hydrogen. 



BORON. B = 10.941. 

621. Specific gravity (crystallized), 2.615 (Hampe, 1876). Infusible at 
ordinary white heat, melts in the electric arc. Occurrence. — Not found 
free in nature. Occurs chiefly as borax, Na^BgO,, and boracic acid, H3BO,,. 
in volcanic districts. 

Preparation. — (1) By electrolysis. (2) By fusion of B^Oj with Na.. 

(3) By fusing B^Oj with Al, and then dissolving the Al by Na(OH). 

(4) By igniting BCl, with hydrogen. (5) By fusing dry borax with amor- 
phous phosphorus. (6) By fusing NaBF^, KBP^, or B^Og with Mg. 

622. Properties. — There are two varieties of boron, tlie amorphous and 
the crystalline. The former is changed to the latter by heating to 1600°' 
C. for two hours in presence of aluminium and carbon. Amorphous boron, 
is a greenish. brown opaque powder ; odorless, tasteless, a non-con- 
ductor of electricity, insoluble in water, alcohol, and ether. Heated in- 
oxygen burns to B^O, ; heated in air burns to B^O, and BN. Combines on* 
heating, directly with S, CI, Br, N, etc. It dissolves in sulphuric and ni- 
tric acids, forming HgBO, ; in chlorine forming BCl,. It is oxidized by 
heating in KOH, forming K^BO, and H ; and by heating in alkaline car- 
bonates, producing free carbon. Many metallic chlorides and sulphides — 
e,g., PbCl,, AgCl,, PbS — are reduced to the metallic state when heated with 
boron. 



BORIC ACID. H.BO,. 
623. Oxidation valence H',B'"0-", 

n 

I 
o 

I 

Structural valence H-O-B-O-H 

Three kinds of boric acid are known : Orthoboric, H3BO3, formed by 
dissolving B^O, in water; heated to 100° C. it forms metaboric acid, 
HjB^O^; heated for a lono: time at 160° C. pyroboric acid, H,Bp„ i&^ 
formed ; heated to about 300° C, B^Oj remains. 



^eo 
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624. Tlie Borates of the metals of the alkalies are soluble in water; 
those of the other metals are insoluble in water, but in general are made 
soluble by free boric acid. Tliey are all nearly or quite insoluble in alco- 
hol. Borates are identified especially by the green color they impart to 
flames. 

625. Silver nitrate forms, in solutions of acid borates, a white precipi- 
tate of silver borate, Ag,B,0^, but normal borates form in part silver oxide, 
brown. Lead acetate gives a white precipitate of lead borate^ Pb(BO,), ; 
calcium chloride, in solutions not very dilute, a white precipitate of cal- 
cium borate ; and barium chloride, in solutions not dilute, a white pre- 
cipitate of barium borate, Ba(BOj,. With aluminium salts, the precipi- 
tate is aluminium hydroxide. 

626. Borates are transposed with formation of boracic acid, by all 
ordinary acids — in some conditions • even by carbonic acid ; the trans- 
position being partial when soluble products result, as with phosphoric 
acid. 

The liberated boracic acid is dissolved by alcohol, and if the alcohol so- 
lution be set on fire, it burns with a. green flame, 

627. A solution of a borate, acidulated with hydrochloric acid to a 
barely perceptible acid reaction, imparts to a slip of turmeric paper half 
wet with it, a dark-red color, which on drying intensifies to a characteristic 
red color. 

By heating a mixture of borax, acid sulphate of potassium, and a fluo- 
lide, fused to a bead on the loop of platitium wire, in the clear flame of the 
Bunson gas-lamp, an evanescent yellowish-green color is imparted to the 
flame. 

Borates fused in the in7ier bloto -pipe flame with potassium acid sulphate 
give the green color to the onter flame. 

If a crystal of boric acid, or a solid residue of borate previously treated 
with sulphuric acid, on a porcelain surface, is played upon by the flame of 
Bunsen's Burner, the green flame of boron is obtained. 

628. If a powdered borate (previously calcined), is moistened with sul- 
pliuric acid and heated on platinum wire to expel the acid, then moistened 
with glycerine and burned, the green flame appears with great distinct- 
ness. 

The glycerine is only ignited, then allowed to burn by itself. Barium 
does not interfere (being held as sulphate, non-volatile); copper should be 
previously removed in the wet way. The glycerine flame gives the spec- 
trum. But in all flame tests, boric acid^must be liberated. 

Borates (fused on platinum wire with sodium carbonate) give a char- 
acteristic spectrum of four lines, equidistant from each other, and extend- 
ing from Ba y in the ffreen to Sr 6 in the blue. 

Boric acid is estimated: (1) As KBF^. (2) By adding a known quan- 
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t'ity of NEjCOg, fusing and weighing; then after determining the CO, sub- 
tracting its weight and that of tlie TSs.JO present (calculated from Na,CO, 
first added). The difference is tiie weight of B^Oj present. 



CARBON. C = 11.9736. 

629. Specific gravity, diamond, 3.518 (Baumhauer, 1887); graphite, 
2.32 (Rammklsburg, 1873) ; hard gas coke, 2.356 (Marchand and 
Meyer); charcoal, 1.45 to 1.7 (Violette, 1853). 

630. Occurrence. — Diamond is the only form of carbon that cannot be 
artificially prepared. It is the hardest substance known. It burns at a 
white heat to CO, in oxygen gas, and in air. Graphite occurs native, both 
crystalline and amorphous. It is a hard, gi'ay, metal-like, opaque solid. 
When pig-iron is dissolved in acids, graphite remains. At a white, but not 
at a red heat, graphite very slowly burns to CO,. It is slowly oxidized 
when heated with K^Cr^O, and H^SO^. Graphite is used in lead-pencils ; 
in black-lead (plumbago) crucibles ; as a lubricator ; in battery plates ; 
for the carbon of arc-lights, etc. Boiled with HICIO, and HNO, graphitic 
acid, C„H^Oj (?) is produced, which after drying burns almost explo- 
sively. Charcoal is made by heating wood in closed iron retorts. Lamp- 
black is made by burning vegetable matters, rich in carbon, such as resin, 
tar, wax, fat, coal-gas, etc., in a limited supply of air. Used as a pigment, 
and in stove-blacking, printer's ink, etc. Ordinary charcoal (better ani- 
mal charcoal) is nsed in water-filters. Charcoal absorbs very many gases. 
According to Saussurb, one volume of beech-wood charcoal at 12° C. and 
724 mm. pressure, absorbs 9.42 volumes of CO, 35 of CO,, 55 of H^S, 65 
of SO,, 85 of HCI, and 90 of NH,. 

631. Oxidation. — Carbon is oxidized to CO, by fusing with KNO, or 

KClOj. By igniting in CO,, the whole of the carbon is changed to CO 

(CO, -h C = 2CO). The free carbon gaining two bonds of oxidation 

valence, and the carbon of the CO, losing two bonds. By simple ignition 

with carbon, all oxides of the elements in the following list are reduced to 

the elemental state; and if sodium carbonate is added, all of the salts of 

the same are likewise reduced. Cu, Bi, Cd, Pb, Ag, Hg, As, Sb, Sn, Pd, 

Mo, Ru, Os, Rh, Ir, Te, Se, W, K, Na, Rb, Cr, Pe, Mn, Co, Ni, Zn, Ti, 

Tl. 

a. Pb,04 + 20 = 3Pb + 200a 

h. 2Pb01, + 2Na2008 + O = 2Fb + 4Na01 + 300a 

c. OuO + O (excess) = Ou + CO 

d, O -\- 20uO (excess) = 20u + OO9 

With excess of carbon CO is formed {c). With excess of the oxide CO, is 
formed {d). In the reduction of iron ore, the process is conducted so as to 
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give some CO and some CO,. To obtain some metals in the free state 
(sucl) as K and Ka), special methods* are adopted to exclude the air, and to 
produce the high temperature needed. 



ACETIC ACID. HC^H,©,. . 
632. Oxidation valence H'C^H'.O"", 

no 

I I 

Structural valence H-C-C-O-H = CH,.COaH 

H 

Absolute acetic acid, HC^HgO,, is a transparent solid. Specific gravity,, 
1.0607 (Mendeleeff, 1860). Its observed vapor density, 29.7, shows its 
molecule to be HC^HjO, and not H,CO. Found in small quantities in the- 
juices of some plants. 

Production.— (1) By dry distillation of wood. (2) By action of atmos- 
pheric oxygen, chromic acid, nitric acid, hypochlorous acid, and other oxi" 
dizing agents upon alcohols, especially under the influence of ferments. 
(3) By action of KOH or NaOH at high temperatures upon various organic 
bodies — e.g., tartaric, citric, and malic acids, sugar, alcohol, etc. The ab- 
solute acid melts at about 16° C. and boils at 119° C. 

It vaporizes gradually f jom its water solutions at ordinary temperatures ;. 
more rapidly as they are stronger, the vapor having the characteristic odor 
of vinegar. 

633. The salts of acetic acid — the metallic Acetates — are all soluble in 
water; argentic and mercurous acetates hut sparingly soluble. Most of 
the acetates, except mercurous and silver acetates, dissolve in alcohol. 
They have a slight odor of the acid. For identification, the odor of the- 
acid, and of its ether (636), and the color of the ferric solution (635), are 
employed. Ignition-tests, 638. 

684. The stronger mineral acids transpose acetates, forming acetic acid. 
Solid acetates, with concentrated sulphuric acid, evolve strong acetous 
vapor ; but if the heat be somewhat increased, the mixture blackens f lom 
separation of carbon, and at higher temperatures sulphurous and carbonic 
anhydrides are evolved. 

635. Solution of ferric chloride forms, with solutions of acetates, B^recT 
solution containing ferric acetate, 'FQ^(C^fi^^^ which on boiling precipi- 
tates brownish-red, basic ferric acetate. The red solution is not decolored', 
by solution of mercuric chloride (distinction from thiocyanate); but is de- 
colored by strong acidulation with sulphuric acid or hydrochloric acid (dis- 
tinction from thiocyanate and from meconate). The ferric acetate is pre- 
cipitated by alkali hydroxides. 

636. If acetic acid or an acetate be warmed with sulphuric acid and a- 
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2t7t/e alcoholy the characteristic pungent 2i\\^ fragrant odor of ethyl acetate 
or acetic ether is obtained : 

H(OaH,O0 + O3H5OH = H,0 + OaHftCCHsO,) 

637. Acetic acid does not act as a Eedncing Agent as readily as do most 
of the organic carbon compounds. It reduces permanganates and chro- 
mates but slowly, even in boiling solution ; reduces auric chk^ride only in 
alkaline solution, and does not reduce alkaline copper solution. It takes 
chlorine into combination — slowly in ordinary light, quickly in sunlight, 
forming chloracetic acids. 

638. By ignition alone, acetates blacken, with evolution of vapor of 
acetone, C^H^O, inflammable and of an agreeable odor. By prolonged igni- 
tion of acetates in the air, carbonates are obtained free from charcoal. — Bv 
ignition with alkali hydroxides in dry mixture, marsh-gas, CH^, is 
evolved. — By ignition with alkalies and arsenious anhydride, the offen- 
sive vapor of cacodyl-oxide is obtained (473). 



CITRIC ACID. H,C.H,0,. 

Oxidation valence of its elements H'^C'^H'^O""^ 

CHHCO,H 

I 
Structural valence of its elements C(OH)CO,H 

CHHCO,H 

639. Found in small quantities in the juices of many fruits. The chief commercial 
source is lemon-juice. It is a colorless, crystallizable, non-volatile solid ; freely soluble 
in water and in alcohol. 

The Citrates of the metals of the alkalies are freely soluble in water ; those of iron 
and copper are moderately soluble; those of the alkaline earth metals insoluble. There 
are many soluble double citrates formed by action of alkali citrates upon precipitated 
citrates, or of alkali hydroxides upon metallic salts in presence of citric acid. In dis- 
tinction from tartrates, the solubility of the potassium salt^ (642) ; non-precipitation of 
calcium salt in cold solution; and weaker reducing action, are to be noted. 

640. Solution of calcium hydroxide in excess (as by dropping the solution tested 
into the reagent) gives no precipitate with citric acid or citrates in the cold (distinction 
from tartaric acid), but on heating, the white calcium citrate, Ca3(C«H607)a, is precipi- 
tated (not soluble in cold potassium hydroxide solution). By filtering before boiling, the 
tartrate and citrate may be approximately separated. Calcium chloride also gives the 
same precipitate after boiling. Calcium citrate is soluble in acetic acid (distinction from 
oxalates). 

641. Solution of lead acetate precipitates white, lead citrate, Pba(08H607)3, soluble 
in ammonia. Silver nitrate gives a white precipitate of silver citrate, Ags(06H607) 
which does not blacken on boiling (distinction from tartrate). 

642. One part of citric acid dissolved in two parts of water, and treated with a solu- 
tion of one part of potassium acetate in two parts of water, should remain clear after 
addition of an equal volume of strong alcohol (absence of oxalic acid and of tartaric acid 
and its isomers). 

643. Citric acid does not act very readily as a reducing agent; does not reduce alka- 
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line copper solution^ or silver solution, or permanganate but very slowly. Concentrated 
nitric acid produces from it, acetic and oxalic acids; and digestion with manganese di- 
oxide decomposes it, with formation of acetone, acrylic, and acetic acids. Citrates car- 
bonize on ignition, with various empyreumatic products, and with final formation of car- 
bonates. By fused potassium hydroxide, short of ignition, they are decomposed with 
production of oxalate and acetate. 



TARTARIC ACID. H,C,H,0,. 

Oxidation valence of its elements. . .H'j(Cj^H'^0~", 

CH(OH)CO,H 

Structural valence of its elements. . . I 

CH(OH)CO,H 

644. Tartaric acid is found in various fruits. The chief commercial 
source is grape-juice. 

Tartaric acid is a colorless, crystallizable, non-volatile solid, freely solu- 
ble in water, and in alcohol. It may be separated from bases by adding 
sulphuric acid and alcohol. 

The Tartrates of the alkali bases are soluble in water ; the normal tar- 
trates being freely soluble, the acid tartrates of potassium and ammonium 
sparingly soluble. The tartrates of the alkaline earth bases and of the non- 
alkali bases, are insoluble or sparingly soluble, but mostly dissolve in solu- 
tion of tartaric acid. Most of the tartrates are insoluble in alcohol. There 
are double tartrates of heavy metals with alkali metals, which dissolve in 
•water. 

Hydrochloric, nitric, and sulphuric acids transpose the tartrates 
(whether forming solutions or not). Most of the tartrates are also dis- 
solved (and, if already dissolved, are not precipitated) by the alkali hy- 
droxides, owing to the formation of soluble double tartrates (153). 

The potassium acid tartrate, precipitated with help of alcohol, and the 
silver reduction, are of greatest analytical interest. 

645. Solution of calcium hydrate, added to alkaline reaction, precipi- 
tates from cold solution of tartaric acid, or of soluble tartrates, calcium tar- 
trate, while, Ca(C^H^Og). Solution of calcium chloride with neutral tar- 
trates, gives the same precipitate. Solution of calcium sulphate forms a 
precipitate but slowly, or not at all (distinction from racemic acid). The 
precipitate of calcium tartrate is soluble in cold solution of potassium hy- 
droxide, precipitated gelatinous on boiling, and again made soluble on cool- 
ing (distinctions from citrate), and dissolves in acetip acid (distinction 
from oxalate). 

646. Silver nitrate precipitates, from solutions of normal tartrates, sil- 
ver tartrate, A%J^CJ3,p^, white, becoming black when boiled. If the pre- 
cipitate is filtered, washed, dissolved from the filter by dilute ammonium 
hydroxide into a clean test-tube, left for a quarter of an hour on the water- 
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bath, the silver is reduced as a mirror "^oating on the glass (421), distinc- 
tion from citric acid. Free tartaric acid does not reduce silver salts. Per- 
manganate is reduced quickly by alkaline solution of tartrates (distinction 
from citrates), precipitating manganese dioxide, brown. Free tartaric acid 
acts but slowly on the permanganate. Alkaline copper tartrate resists re- 
duction in boiling solution. Chromates are reduced by tartaric acid, the 
solution turning green. The oxidized products, both with permanganate 
and chromate, are formic acid, carbonic anhydride, and water. 

647. On ignition, tartaric acid or tartrates evolve the odor of burnt 
sugary separating carbon, and becoming finally converted to carbonates. — 
Strong sulphuric acid also blackens tartrates, on warming. Melted po- 
tassium hydroxide, below ignition, produces acetate and oxalate; 



CARBON MONOXIDE. CO. 

Oxidation valence of its elements C"0~" 

Vapor density, 14 ; fixing the molecular formula as CO, and not C,0,. 

648, Preparation. — (1) By burning carbon in a limited supply of air. 
(2) By passing steam over excess of charcoal at a white heat. (3) By pass- 
ing COjj over red hot charcoal. (4) By passing CO, over red hot Pe, 
(5) By heating Na,SO^ with excess of charcoal. (6) By heating an oxalate 
or formate with concentrated H,SO^. (7) By heating together K^Pe(CN), 
and concentrated H,SO,. If the H,SO, is dilute, HCN is formed. (8) By 
heating metallic oxides with an excess of charcoal. 

3. HaO + O = CO + Ha 

8. CO, + O = 200 

4. 4OO2 + 3Pe = PesO* + 400 

5. NaaS04 + 40 (excess) = NaaS + 400 

6. KaOa04 + 2HaS04 = KaS04 + HaS04.HaO + OO + OO2 

2KHCOa + H9SO4 = KaSO* + 200 + 2HaO 

7. K4Pe(ON)6 + 6HaS04 + 6H9O = 600 + 2KaS04 + 3(NH4)aS04 + PeSO* 

8. ZnO + O (excess) = Zn + CO 
PeaOa + 30 (excess) = 2Pe + 300 

649. Properties. — At ordinary pressure liquefies at -193° 0. (Wrob- 
lEWSKi, 1884). Under pressure of not less than 50 atmospheres, liquefies 
At -136° C. (Olszewski, 1884). Pressure without cold has as yet failed to 
liquefy it. It is a narcotic poison. It burns in the air to CO,, explosively 
if mixed in suitable proportions. Does not support combustion. Com- 
l)ines with CI in the sunlight, forming phosgene gas, COCI,. Forms potas- 
sium formate when warmed with KOH (a). It is oxidized to CO, by 
K,Cr,0, and H,SO, {b), and by PdCl,, Pd being formed {c). Heated to a 
white heat with K or Na or Mg, free carbon is formed. 

After separation from interferinof gases, it is estimated: (1) By absorp- 
tion by a ** papier-mache " ball of Cu^Cl,. (2) It is absorbed by a similar 
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ball of KOn (see equation (a) below). These balls are placed in a mea- 
sured portion of the gas, and the decrease in volume shows the amount of 
CO that has been absorbed. The reducing action upon oxides by charcoal 
mentioned in 631 may (theoretically) be produced by carbon monoxide, but 
conclusive experiments have not been reported upon all, and there may be 
exceptions. 

a. OO + EOH = KOHOa 

h, KaCraOT + 4H3SO4 + 800 = Cr2(S04)s + E9SO4 + SCOa + 4H9O 

c. PdOla -t- 00 -t- H2O = Pd -+- 2H01 + OO9 

d. Mg + CO = MgO + C 



OXALIC ACID. H,C,0,. 

Oxidation valence of its elements. . .H'^C'^O""^ 

O O 

Structural valence of its elements. . .H-O-C-C-O-H 

650. Occurrence. — Found in many plants, either in a free state or as an 
oxalate. In sorrel it is found as KHC,0^ ; in rhubarb as CaC,0^. 

Production — (1) By action of nitric acid sp. gr. 1.38 upon sawdust, 
starch, or sugar. By the continued action of concentrated nitric acid, after 
the sugar is all oxidized to oxahc acid, the latter is farther oxidized to CO^. 
(2) By heating sawdust with KOH or NaOH. Hydrogen is evolved, the 
cellulose, CgH,^0^, being converted into oxalic acid. Under certain condi- 
tions, additional products are formed. It is also formed in the oxidation 
of a great many organic compounds. 

0,aH„0n -h 12HNO, = 6H20,04 + 12NO + IIH^O 
SHaCO* -t- 2HNOs = 600a + 2NO -t- 4H2O 
CeHioOft + 6EOH + H2O :;= 3E3Ca04 + 9H2 

651. Absolute oxalic acid, H^CgO^, is a white, amorphous solid, which 
by care may be sublimed with only partial decomposition (a), at about 165^ 
C. (329^^ F.) Crystallized oxalic acid, "ELJ^i JO y2iB.fi ^ effloresces very slowly 
in warm, dry air, and melts in its crystallization- water at 98° C. (208° F.); 
at which temperature the liquid soon evaporates to the absolute acid- 
Oxalic anhydride is not formed. 

a. HaOj|04 = HaO + CO, + CO 

Concentrated sulphuric acid, with a gentle heat, decomposes oxalic 
acid, by removing the elements of water from it, with effervescence of car- 
bon dioxide and carbon monoxide, according to the equation in the preced- 
ing paragraph. With oxalates, the decomposition generates the same gases. 
Other strong dehydrating agents jiroduce the same result. 

The efferve>icing gas, CO, -f- CO, gives the reactions for carbonic anhy- 
dride ; also, if in a sufficient quantity, it will burn with a blue flame, when 
ignited, by the oxidation of the carbon monoxide. 
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652. The Oxalates of the metals of the alkalies are soluble in water ; 
nearly all those of the other metals are either insoluble or sparingly soluble 
in water. (Chromic oxalate is freely soluble in water ; magnesic oxalate, 
sparingly soluble.) 

In analysis, calcium oxalate is the precipitate most used, soluble in hy- 
drochloric, not in acetic, acid. Also, the reducing action (655), decompo- 
sition with sulphuric acid (651), and ignition (656), serve in identification. 

653. The metallic oxalates, soluble and insoluble, are transposed by 
dilute sulphuric, hydrochloric, and nitric acids, with formation of oxalic 
acid : 

Oa0204 + 2H01 = CaCla + H2O3O4 

That is : the precipitated oxalates of these metals, which form soluble 
chlorides, dissolve in dilute hydroMoric acid ; of those metals which form 
soluble sulphates, in dilute sulphuric acid ; and all precipitated oxalates 
dissolve in dilute nitric acid. 

Acetic acid does not dissolve precipitated oxalates, or but slightly. 
Certain of the oxalates dissolve, to some extent, in oxalic acid (as acid 
^xalg-tes). 

654. The precipitates of oxalates are white. It follows, from 653, that 
solution of oxalic acid can be precipitated but very slightly by any metallic 
salts of the stronger acids. 

Solutions of metallic oxalates give, with soluble salts of calcium, a quite 
complete precipitate of calcium oxalate^ CaC,0^ ; with salts of barium, in 
solutions not very dilute, a slightly soluble precipitate of barium oxalate^ 
BaCjO^ ; with ferrous salts, a yellowish precipitate of ferrous oxalate, 
PeCjO^, not soluble in oxalic acid ; with salts of lead, as stated in 394 ; 
with salts of silver, a characteristic reaction, as stated in 418 and 656 c. 

655. Oxalic acid is a decided Reducing Agent, being convertod to water and car^ 
honic anhydride (a), and the metallic oxalates to carbonates and carbonic anhydride ip), 
by all strong oxidizing agents. The action of oxidizing agents is given in 659. 

a. HaOu04 -t- O = HaO -r 200a 

b. K3O2O4 -t- O = E3CO3 + OO2 

656. The oxalates are all dissociated on ignition. Those of the metals of the alkalies 
and alkaline earths are resolved at an incipient red heat, into carbonates and carbon 
monoxide (a)— a higher temperature decomposing the carbonates. The oxalates of 
metals, whose carbonates are easily decomposed, but whose oxides are stable, are resolved 
into oxides, carbonic anhydride, and carbon monoxide (b). The oxalates of metals, 
whose oxides are decomposed by heat, leave the metal, and, give off carbonic anhydride 
(c). As an example of the latter class, silver oxalate^ when heated before the blow-pipe, 
decomposes explosively, with a sudden puffing sound — a test for oxalates : 

a. Oa0204 = OaOOa + CO 

b. ZnC304 = ZnO + OO2 + OO 

c. AgaC304 = 2Ag + 200a 

657. a. Oxalates are formed by treating the oxide, hydroxide, or cnrbo- 
nate with oxalic acid. In this manner may be made the oxala'es of Pb, 
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Ag, Hg', Hg", Sn", Bi, Cu", Cd, Zn, Al, Co", Ni, Mn", Pe", (PeJ% (CrJ^i^ 
Ba, Sr, Ca, Mg, Na, and K. And some others. 

h. By adding oxalic acid to some soluble salt of the metal. In this man« 
ner the above oxalates may be made, except alkali, magnesium, chromic, fer 
ric, aluminic, and stannic oxalates, which are not precipitated. Antimoni* 
0U8 salts are precipitated, but the precipitate is basic. 

c. Alkaline oxalates will precipitate the same solutions as oxalic acid, 
but many of the precipitates are soluble in excess of tlie alkaline oxalate, 
and, as a rule, the salt found is a double one, e.g., AgNH^C,0^. The fourth- 
group metals are well-defined exceptions to this rule — their precipitates, 
formed by this method, being normal oxalates. 

iL Some of the metals when finally divided are attacked by oxalic acid, 
hydrogen being evolved. 

668. Estimation. — (1) It is precipitated as CaC^O^ ; after washing, the 
Ca is determined by (141), from which the oxalic acid is calculated. (2) 
By the amount of K^MngOg which it will reduce. (3) By measuring the 
amount of CO,, evolved when it is oxidized in any convenient manner, usu- 
ally by MnOg. (4) By the amount of gold it reduces from AuCl,. 

659. Oxidation. — As a rule, reducing agents have no action on oxalic 
acid at ordinary temperatures. By fusion, however, a few metals, K, Na, 
Mg, etc., reduce it to free carbon. 

HNO, b. Nitrous acid seems to have no action on oxalic. 

HNO, c, NO is formed, and the oxalic becomes CO, [G^neUn's Hand-book, 

9, 116]. 
Experiment: To dry oxalic acid add nitric acid, sp. gr. 1.42, or, 
better, 1.50. Test the evolved gas for CO, by passing it into a 
solution of barium chloride containing free potassium hy- 
droxide. 

CI d. HCI is formed, and the oxalic becomes CO, \^GmelMs Hand-book, 

9, 116]. This change of bonds takes place more readily in 
presence of potassium hydroxide, forming KCl. 

HCIO e. Forms CO, and CI [ WaHs^ Dictionary of Chemistry, 4, 250 ; 

Wurtz's Dictionnnire de Chimie, 2, 670]. If the oxalic acid 
is in excess, HCI is formed. The action is more rapid in 
presence of fixed alkali, an alkali chloride being formed. 

HCIO, /. Forms CO, and varying proportions of CI and HCI. A high 

degree of heat and excess of oxalic acid favoring the produc- 
tion of HCI [^Calvert and Davies, Jour, Chem. Society, IL 
193]. 

Br g. Does not decompose oxalic acid, except in alkaline mixture, forming 

a bromide and a carbonate. 

HBrO, h. Bromine and CO, are formed. 

HIO, I. Forms CO, and I [H. Davy], 
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The following acids do not change the bonds of oxalic acid: Car- 
bonic, pliosphoric, hypophosphorous, hydrosulphuric, sul- 
pliuric (but see 651), hydrochloric, hydrobromic, hydriodic, 
hydrocyanic, tliiocyanic, ferricyauic, ferrocyanic. 

Pb"" h. PbO, with oxalic acid forms lead oxalate and CO^. 

Oxalic acid has no action upon Pb^O^, but reduces it quickly 
in presence of any acid capable of changing the Pb,0^ to 
PbO,. 

Hg" I. Oxalate of ammonia boiled in the sunlight gives Hg^Cl^ and CO, 

[GtneUn^s Hand-book, 9, 118 ; Watts' Dictionary of Chem- 

> istry, 4, 251]. 

Free oxalic acid boiled in the sunlight also gives Hg,Cl,. 

As^ m. HjAsO^ becomes HgAsO,, and CO, is evolved. 

To prove that As^ becomes As'", add excess of potassic hydroxide, 
and then potassium permanganate. The latter will be quickly 
decolored. 

Bi^ 71. Bi,0^ becomes bismuth oxalate and CO,. 

Mn 0. Mn"^** becomes Mn". (That is, all compounds of manganese having 

more than two bonds are reduced to the dyad.) In absence 
of other free acid, MnC^O^ is formed, and CO, is given off. 
If some non-reducing acid is present, such as H^SO^, it unites 
with the manganese, and all of the oxalic acid is converted 
into CO,. 

Co'" p, COjOg and Co,(OH)g form cobaltous oxalate, and CO, is evolved. 

Ni'" q. Nickelic oxide and hydroxide become nickelous oxalate, and CO, is 

evolved. 

Cr^ r. Chromic acid is reduced to chromic oxalate, and CO, is evolved. 



CABBONIC ANHYDRIDE. CO,. 
CARBONIC ACID (hypothetical). H,CO,. 

Oxidation valence C'^O"",, H',C'vO-", 

O 

Structural valence 0=C=0, H-O-Cf-O-H 

660. The vapor density is 22, indicating that its molecule is CO,. Spe- 
cific gravity of the gas, 1.52. Of the liquid at -34° C, 1.057. At -1.6° C, 
0.91; at +11° C, 0.84 (Cailletet, 1886). Specific gravity of solid CO, 
(hammered), slightly under 1.2 (Landolt, 1884). 

661. Occurrence. — In a free state in the air, about 0.04 per cent. 
Found in great abundance in the form of carbonates in the earth's crust — 
e.g., limestone, marble, magnesite, dolomite, etc. 

Preparation. — For laboratory use, it is usually made by the action of an 
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acid on some cheap carbonate — e.g,, sulpbnric acid upon marble. It is pro- 
duced s (1) In respiration. ('^) In fermentation. (3) Decomposition of 
carbonates by heat, except of alkaline carbonates. (4) By burning carbon, 
or any material containing carbon, in the air. (5) By reducing metallic 
oxides by carbon. (6) By the action of steam, at a red heat, upon C, CO, 
or any carbonate (except carbonates of the alkalies, which are not decom- 
posed in this manner). 

662. Properties. — A heavy, colorless gas, incombustible. A non-sup- 
porter of ordinary combustion (used in chemical fire-engines, to extin- 
guish fire), but K, Na, and Mg burn in the gas, forming free carbon and 
an oxide of the metal. It is not poisonous, but kills by excluding the air 
from the lungs. Taken internally is sometimes healthful — e,g,y soda-water. 
At 17° C. (63° F.), a pressure of 54 atmospheres liquefies it. At 0° C. a 
pressure of 35 atmospheres liquefies it. If the pressure be removed, the 
cold produced by its expansion (-57° C.) freezes it to a transparent solid, 
resembling ice. Water at 15° C. absorbs its own volume of CO,, and un- 
doubtedly forms carbonic acid, HjCO, ; but it has not been isolated. In 
this respect it should be classed with H^SOj, H^CrO^, HsAsO,, etc. 

The alkali metals form double carbonates with hydrogen, or acid car- 
bonates, as KHCO3. The anhydride, CO^, is often (improperly) designated 
as carbonic acid. 

663. The Carbonates of the metals of the alkalies are very freely solu- 
ble in water; the hydrogen carbonates of the same metals, moderately 
soluble in water. AU other metallic carbonates are insoluble in water. 
The carbonates of the alkaline earth metals, and of some others, dissolve 
slightly in water saturated with carbonic acid, and to a greater extent in 
water saturated with compressed carbonic acid — from which solutions 
they are fully precipitated on heating in open vessels. Alcohol dissolves 
normal ammonium carbonate, but metallic carbonates are insoluble in al- 
cohol. 

In analysis, the carbonates are denoted by the sudden effervescence, etc. 
(664), caused even by acetic acid. 

664. The carbonates, both soluble and insoluble, are decomposed by all 
the acids (except hydrosulphuric and hydrocyanic), even when very di- 
late. Tlie decomposition is attended by sndden effervescence of carbonic 
anhydride, CO,, which reddens moist litmus (a). 

With normal carbonates in cold solution, slight additions of acid (short 
of a saturation of half the base) do not cause effervescence, because acid 
carbonate is formed {b)] and when there is much free alkali present (as in 
testing caustic alkalies for slight admixtures of carbonate), perhaps no effer- 
vescence is obtained. By the time all the alkali is saturated with acid, 
there is enough water present to dissolve the little quantity of gas set free. 
But if the carbonate solution is added drop by drop to the acid, so that the 
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latter is constantly in excess, even slight traces of carbonate give notable 
effervescence. 

a. KaOOs + 2H01 = 2K01 + HaO + CO, 
h, EaOO, + HOI = KOI + EHOOs 

665. Tlie effervescence of carbonic acid gaa, 00^, is distinguished from 
that of H,S or SO, by the gas being odorless, from tliat of N,Oj by its being 
colorless and odorless ; from all others by the effervescence being propor- 
tionally more forcible. It should be remembered, however, that CO, is 
evolved (with CO) .on adding strong sulphuric acid to oxalates or to cyan- 
ates. 

On passing the gas, CO,, into solution of calcium hydroxide (a); or 
of barium hydroxide {b)\ or into solutions of calcium or barium chloride, 
containing much ammonium hydroxide (c), or into ammoniacal solution 
of lead acetate {d)y a white precipitate or turbidity of insoluble carbonate 
is obtained. In the case of the solution of lime (or of baryta if dilute), the 
precipitate is soluble in sufl&cient excess of the gas — i.e., in water saturated 
with carbonic acid ; but it is not easy to saturate with gas generated in an 
open test-tube. The precipitate may be obtained by deca7itivg the gas (one- 
half heavier than air) from the test-tube in which it is liberated into a 
(wide) test-tube, containing the solution to be precipitated ; but the opera- 
tion requires a little perseverance, with repeated generation of the gas, 
owing to the difficulty of dispFacing the air by pouring into so narrow a 
vessel. The result is controlled better by generating the gas in a large 
test-tube, having a stopper bearing a narrow deli very- tube, so bent as to be 
turned down into the solution to be precipitated. 

a. OOa + Oa(OH):, = OaOOs + HaO 

b. OO3 + Ba(OH)2 = BaOOs + H3O 

c, OOa + OaOla + 2NH4OH = OaOOs + 2NH4OI + HaO 

d, OO3 + PbaO(03Hs03)a = PbOOs + Pb(03Ha03)3 

The solutions of calcium and barium hydroxides furnish more delicate 
tests for carbonic anhydride than the ammoniacal solutions of calcium and 
barium chlorides, but less delicate than lead basic acetate solution. The 
latter is so rapidly precipitated by atmospheric carbonic anhydride, that it 
cannot be preserved in bottles partly full and frequently opened, and 
cannot be diluted clear, unless with recently boiled water. 

Q66. Solutions of the acid carbonates effervesce, with escape of CO,,, on 
boiling or heating, thus : 

2KHOOs = K3OOS + H,0 + OCa. (Gradually, at 100° C.) 

2NaH003 = Na3003 -t- H3O + OO3. (Gradually, at 70° C; rapidly at 90° to 100° C.) 
2NH4HOO, = (NH4)300s + HaO + OO3. (Begins to evolve OOa at 36° C.) 
(NH4)4Ha(003)s = 2(NH4)aOO, + HaO + OOa. (Begins at 49° C.) 

667. Solutions of carbonate^ form j)recipitafes with salts of all metals, 
except those of the alkalies; the precipitate being, in the larger number 
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of cases^ a carbonate or basic carbonate ; in some cases, a hydroxide, with 
efEervescence of CO, : 

KaCOs + FeCla = FeOOs + 2KC1 
3K3CO, + Fe^OU + 3HaO = Fe3(OH)6 + 6KC1 + 3COa 

668. On ignition^ the iiornial carbonates of the metals of the fixed alka- 
lies are not decomposed ; the carbonates of barium, strontium, and calcium 
are dissociated slowly, at white heat, forming the oxide and CO,. At a 
lower temperature, ignition changes all other carbonates to the oxide and 
CO,, except that the carbonates of silver, mercury, and some of the rarer 
metals are reduced to the metallic state, CO, and oxygen being evolved. 

669. To detect free carbonic acid in presence of bicarbonates, a solution 
of 1 part of rosolic acid in 500 parts of 80 per cent, alcohol may be em- 
ployed, to which barium hydroxide has been added until it begins to ac- 
quire a red tinge. If 0.5 c.c. of this rosolic acid solution is added to about 
50 c.c. of the water to be tested — spring water, for instance — the liquid 
will be colorless, or at most faintly yellowish if it contains free carbonic 
acid, whereas, if there is no free carbonic acid, but only double salts, it will 
be red (M. v. Pettbnkofer). 

Salzer {Zeit. Anal, Chem,, 20, 227) gives a test for free carbonic acid 
or bicarbonates in presence of carbonates, founded on the fact that the 
Nessler ammonia reaction (40) does not take place in presence of free car- 
bonic acid or carbonates. 

670. Preparation of Carbonates. — Na,CO, is made by converting NaCl 
into Na,SO^, by treating it with H,SO^; then by long ignition with coal and 
calcium carbonate, impure sodium carbonate is formed (Leblanc's pro- 
cess). 

NaaSOi + 4C + CaCOs = CaS + 4CO + NaaCOs 
It is s^^parated by lixiviation with water, and farther purified. The 
other method, known as the ammonia, or Solway's process., consists in pass- 
ing NH3 and CO, into a concentrated solution of NaCl {n). The NaHCO^ 
is converted into NajCO, by heat, and the evolved CO, used over again (b). 
The NH^Cl is treated with MgO (c), and the NH, which is given off is 
used over again. The MgCl, is strongly heated {d) and the MgO is used 
over again, and the evolved gas sold as hydrochloric acid. This continu* 
ous process is rapidly superseding the Leblanc process. 

a. NaCl + NH, + H,0 + COt, = NaHCOs + NH4CI 

b, 2NaHC03 + heat = Na^COs + CO3 + H3O 

c, 2NH4CI + MgO = MgCl, + 2NH3 + HaO 

d. MgOla + HaO -f- heat = MgO -f- 2H01 

The other carbonates are mostly made from the sodium salt. 

The normal carbonates of Ag, Cd, Mn", Pe", Ba, Sr, and Ca, may be 
formed by precipitation with alkaline carbonates, and HgCO, is formed by 
fixed alkaline, not by ammonium carbonate. 

Basic salts are formed by adding alkaline carbonates to solutions of Pb, 
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iSi, Cu, Zn, Co, Ni, and Mg. SbCa., is precipitated as Sb^^, and salts of 
Sn", Sn^v^ Al, (PeJ^i, and (CrJ^^ as a hydroxide. Fixed alkaline carbo- 
nates with HgCl, precipitate a basic chloride, with Hg(NO,), a basic car- 
bonate. 

The above carbonates, both the normal and basic, may also be formed by 
adding CO, to the respective hydroxides. 

Oxidation. — The carbon of CO, cannot be farther oxidized. Hence, it 
cannot, uuder any conditions, act as a reducing agent. At a red lieat it is 
reduced to CO by carbon or steam ; and to free carbon by ignition with 
Na, K, or Mg. 

CYANOGEN. C,N,. 

Oxidation valence C"',N"^'', 

Structural valence N^C-CEN" 

671. Specific gravity of gas, 1.806 (Gay-Lussao); of liquid, 0.866 (Far- 
aday, 1845). Vapor density, 26 (H=l), indicating that the molecule is 
C,N,. Not found in nature in a free state. 

Preparation. — (1) By the action of heat upon the cyanides of mercury, 
silver, or gold. (2) By dry distillation of ammonium oxalate. (3) By 
fusion of KCN with HgCl,. 

1 Hg(CN)a = Hg + C,N, 

2 (NH4)aOa04 = 4HaO -f- OaN, 

3 2KCN + HgCl, = Hg + 2KC1 + CaN, 

Properties. — A colorless gas, having the odor of bitter almonds. It is 
intensely poisonous. A pressure of four atmospheres liquefies it at 7.2° C. 
In ordinary atmospheric pressure it liquefies at -30° C. and freezes at -34^ 
C. Water dissolves 4^, ether 5, and alcohol 23 volumes of the gas. It 
burns in the air, giving CO, and free nitrogen. With KOH forms KCN 
and KCNO. 

2CN + 2KOH = KCN + KCNO + H.O 



tBTDROCYANIC ACID. HCN. 

Oxidation valence H'C'N-'" 

Structural valence. H-C=N 

672. Specific gravity of liquid, at 18° C, 0.6969 (Gay-Lussac). Speci- 
fic gravity of vapor, 0.947. Vapor density (H=l), 13.5. The liquid boils 
at 26.5° 0. and freezes at -15° C. (Gay-Lussac). 

Occurrence. — The kernels of bitter almonds, peaches, apricots, plums^ 
cherries, and quinces ; the blossoms of the peach, sloe, and mountain-ash ; 
the leaves of the peach, cherry-laurel, and Portugal laurel ; the young 
branches of the peach ; the stem-bark of the Portugal laurel and mountain- 
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ash ; aud the roots of the last-named tree, when soaked in water and dis- 
tilled after a wiiile, yield hydrocyanic acid, together with bitter-almond 
oil. 

673. Preparation. — (1) By action of dilute sulphuric acid on K^Pe(CN)g. 
ijl) By heating chloroform with ammonium hydroxide. (3) By action of 
acids upon metallic cyanides. (4) By action of H,SO^ on Hg(CN), in 
presence of Pe. 

1 2K4Fe(CN)e + 3H,S04 = 6HCN + K,Fe,(CN)e + 3EsS04 

2 CHCI3 + NHs = HCN + 3HC1 

3 KCN + HCl = KCl + HCN 

4 Hg(CN)a + Fe + H,S04 = 2HCN + FeS04 + Hg 

674. Preparation of Metallic Cyanides. — (1) By action of HCN on 
metallic hydroxides. (2) By action of soluble cyanides on metallic salts. 
(3) KCN may be made by passing nitrogen over a red hot mixture of 
K3CO3 and carbon, or (4) by igniting K^Pe(ON),, or (5) heating K^Pe- 
(CN), with K3OO,. If prepared in this manner, it contains some cyanate. 

3 KaCO, + 40 + N, = 2KON + 300 

4 K4Fo(CN)e = 4KCN + FeCa + N, 

5 K4Fe(CN)« + K3CO, = 5KCN + KCNO + F« + OOa 

676. Absolute hydrocyanic acid, HCN (formerly called prussic acid), at ordinary 
temperatures is a colorless liquid, boiling at 26.5° C. (81.5° F.), soluble in all proportions 
in water, alcohol, and in ether — decomposing slightly in its water solutions, scarcely at 
all in the dark. It vaporizes from its solutions, the more rapidly as they are more con- 
centrated and at higher temperatures, and distils readily unchanged. It has a charac- 
teristic odor presented in a modified form by bitter almonds. The pharmacopoeial solu- 
tion, " diluted hydrocyanic acid " (not Scheele's), contains two per cent, of the acid. 
(The vapor, unless greatly diluted with air, is a quick poison by inhalation : antidotes, 
chlorine or ammonia, by inhalation ) 

676. The Cyanides of the alkali metals, alkaline earth metals, and mer- 
curic cyanide, are solnble in water — barium cyanide being but sparingly 
soluble. Tlie solutions are alkaline to test-paper. The other metallic cyan- 
ides are insoluble in water. Many of these dissolve in solutions of alkaline 
cyanides, by combination, as dovhJe wetalUc cyanides. 

In analysis, the most delicate tests for hydrocyanic acid are the produc- 
tions of color compounds of iron (682, 681). For the silver precipitate, 
679. 

677. There are Two Classes of Double Cyanides, both of which are 
formed when a cyanide is precipitated by an alkali cyanide, and redissolyed 
by excess of the precipitant, as shown in equation a. 

Class I. Double cyanides which are not affected by alkali hydroxides, but suffer dis- 
sociation when treated with dilute acids [b). These closely resemble the double iodides 
(potassium mercuric), and the double sulphides or thiosalts (457 e, etc.) The most fre- 
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quently occurring of the double cyanides of this class, which dissolve in water, are givea 
below. 

a. HgOla + 2KON = Hg(ON)a + 2K01 

Hg(ON)a -f- 2KON = rKON)2Hg(ON), 
6. (KON)aHg(ON)a + 2H01 = Hg(ON)a -f- 2KC1 + 2HCN 

Potassium (or sodium) zinc cyanide, K3Zii(CN)4 or (KCN)aZii(CN)3. 

Potassium raaiiganic cyanide (or potassium mauganicyanide), K6Mn3(CN)i9. 

Potassium (or sodium) nickel cyanide, K3Ni(CN)4 or (ECN)3Ni(CN)a. 

Potassium (or sodium) copper cyanide, KaOu(ON)4 or (K0N)30u(0N)a. 

Potassium cadmium cyanide, KaOd(ON)4 or (KON)aOd(ON)a. 

Potassium (sodium or ammonium) silver cyanide, KCNAg^CN or KAg(CN)3. 

Potassium (or sodium) mercuric cyanide, K3Hg(CN)4 or fKCN)aHg(CN)3. 

Potassium (or sodium) auric cyanide, KAu(CN)4 or KCNAu(CN')s. 
Class II. Double cyanides which, as precipitates^ are transposed by alkali hydrox^ 
ides, in dilute solution (c), and are transposed, without dissociation, by dilute a>cids (d). 
In these double cyanides, as potassium ferrous cyanide, K4Fe(ON)6, the whole of the^ 
cyanogen appears to form a new compound radical with that metal whose single cyanide 
is insoluble in water ; thus, Fe(ON)6 as '* ferrocyanogen," giving K4Pe(ON)6 as "po- 
tassium ferrocyanide" (for the potassium ferrous cyanide). These more stable double 
cyanides or ** ferrocyanides," etc., correspond to the platinic double chlorides or " chlo- 
roplatinates " (587), and the palladium double chlorides, or chloropalladiates (595). The 
most frequently occurring of the double cyanides of this class, which are soluble in water,, 
are given below. 

c. Ou3Pe(ON)6 + 4KOH = 2Cu(OH)3 + K4Fe(ON)6 

d, K4Fe(CN)6 + 2H3SO4 = 2K3SO4 + H4Fe(CN)« 
K6Fe3(CN)i3 + 3HaS04 = 3K3SO4 + H6Fe3(CN)i9 

Alkali ferrocyanides, as K4Fe"(CN)8, potassium ferrous cyanide. 

Ferricyanides, as K9'Pe^^{OJX)i^, potassium ferric cyanide. 

Cobalticyanides, as 'Kt(Oo^y\C^)i2, potassium cobaltic cyanide. . 

Manganicyanides, as Ke(Mn3)^i(^^)i3) potassium manganic cyanide. 

Chromicyanides, as Ke(Or3)vi(ON)i9, potassium chromic cyanide. 

The easily decomposed double cyanides of Class I. are, like the single cyanides, in- 
tensely poisonous. The difficultly decomposed double cyanides of Class II. are not poi- 
sonous. 

678. The Single Cyanides are transposed by the stronger mineral 
acids, more or less readily, with liberation of hydrocyanic acid, HON, effer- 
vescing from concentrated or hot solutions, remaining dissolved in cold and 
dilute solutions. Mercuric cyanide furnishes HON by action of H^S, not 
by other acids. The cyanides of the alkali and alkaline earth metals are 
transposed by all acids — even the carbonic acid of the air — and exhale the 
odor of hydrocyanic acid. 

679. Solution of silver nitrate precipitates, from solutions of cyanides 
or of hydrocyanic acid (not from mercuric cyanide) silver cyanide^ AgCN, 
white, insoluble in dilute nitric acid, soluble in ammonium hydroxide, in 
hot ammonium carbonate,* in potassium cyanide, and in thiosulphates — 
uniform with silver chloride. Cold strong hydrochloric acid decomposes it 
with evolution and odor of hydrocyanic acid (recognition /row cAtort6?e)^. 
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and when well washed, and then gently ignited, it does not melt, but 
leaves metallic silver, soluble in dilute nitric acid, and precipitable as chlo- 
ride (distinction and means of separation from chloride). 

680. Solution of mercurous nitrate, with cyanides or hydrocyanic acid, 
is resolved into metallic mercury, as a gray precipitate, and mercuric cyan- 
ide and nitrate, in solution. Salts of copper react, as stated in 344 ; salts 
of lead, as stated in 395. 

681. Ferrous salts, added to saturation, precipitate from solutions of 
cyanides, not from hydrocyanic acid, ferrous cyanide, Fe(CN),, white, if 
free from the ferric hydroxide formed by admixture of ferric salt, and, 
with the same condition, soluble in excess of the cyanide, as (with potas- 
sium cyanide), (KCN),Pe(CN)3 = K^Fe(CN)j, potassium /errocyamrfe (a). 
On acidulating this solution, it gives the blue precipitates with iron salts, 
more marked with ferric salts {h) : 

a. 2KON + F0SO4 = Fe(ON)a + KaSO* 

Fo(ON)a + 4KON = K4Fe(ON)« 

b. 3K4Fe(ON)fl + 2Foa01e = Fe4(Fo(ON)«), -h 12K01 

This pro(luctio7i of the blue ferric f err ocyanide is 7nade a delicate test for 
hydrocyanic acid, as follows: A little potassium hydroxide and ferrous sul- 
phate are added, the mixture digested warm for a short time ; then a very 
little ferric chloride is added, and the whole slightly acidulated (so as to 
dissolve all the ferrous and ferric hydroxides), when prussian blue will ap- 
pear, if hydrocyanic acid was present. 

682. The prodttction of the red ferric tliiocyanate is a test for hydrocy- 
anic acidy more delicate than formation of ferrocyanide. By warm digestion 
this reaction occurs : 2KCN -f- S, = 2KCNS ; or : 

2(NH4)aS4 + 4HON = 4NH4ONS + 2HaS + 8, 
To the material in an evaporating-dish, add one or two drops of yellow 
ammonium sulphide, and digest on the water-bath until the mixture is 
colorless, and free from sulphide. Slightly acidulate with hydrochloric 
acid (which should not liberate H^S), and add a drop of solution of ferric 
chloride ; the blood-red solution of ferric thiocyanate will appear, if hydro- 
cyanic acid was present. 

683. Solution of nitrophenic acid, OeH2(NOa)80H, added, in a small quantity, to a 
neutralized solution of cyanides of alkali metals, on boiling (and standing), gives a blood- 
red color, due to picrocyanate (as HCsHiNfiOs). This test is very delicate, but not very 
distinctive, as various reducing agents give red products with nitrophenic acid. 

684. The fixed alkali hydroxides, in boiling solution, strongly alkaline, gradually 
decompose the cyanides with production of ammonia and formate. Ferrocyanides and 
ferricyanides finally yield the same products. Dilute alkalies, not heated, transpose, as 
by equation c, 677. 

HON -f- KOH -+- HaO = KCHO, -f- NH, 
By fusion with alkali hydroxides, all cyanogen compounds yield ammonia. Ooncen- 
trated sulphuric acid decomposes cyanogen in all of its compounds. 
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685. Cyanides are Reducing Agents — in the wet way having a moderate, in the dry 
way a forcible action ; and in either way removing sulphur, as well as oxygen : 

With oxides : O + KCN = KCNO 
With sulphides : S + KON = KCNS 
In solution : cyanides decolorize the permanganatei but do not reduce the cupric 
hydroxide with potassium hydroxide. 

By fusion : cyanides are employed as the most efficient of agents for obtaining metals 
from their oxides or sulphides, as has been stated with reference to arsenic, tin, etc. 
The cyanates and thiocyanates, so formed, are not readily decomposed by heat alone. 

By exposure to the air, cyanides acquire some proportion of cyanates, and commer- 
cial cyanide of potassium contains cyanate. 

FERROCYANIC ACID. H,Fe(CN),. 

Oxidation valence H\Pe"(C"N-"Oe* 

686. Absolute ferrocyanic acid, frequently called hydroferrocyanic acid, H4Fe(ON)6 
— 6ee 677, Class II. — is a white solid, freely soluble in water and in alcohol. The solu 
tion is strongly acid to test-paper, and decomposes carbonates with effervescence, and 
acetates. It is non-volatile, but absorbs oxygen from the air, more rapidly when heated, 
evolving hydrocyanic acid and depositing prussian blue, thus: 

7H4Fe(ON)6 + Oa = Fe4(Fe(ON)fl)3 + 2H,0 + 24HON 

687. Ferrocyanic acid is formed by transposition of metallic ferrocyanides in solu- 
tion, with strong acids (a). When the solution is heated, hydrocyanic acid is evolved; 
in the case of an alkali ferrocyanide, without absorption of oxygen (6). Potassium ferro- 
cyanide and sulphuric acid are usually employed for preparation of hydrocyanic acid: 

a. K4Fe(ON)6 + 2HaS04 = 2K3SO4 + H4Fe{ON)6 
h. 3H4Fe(CN)« + K4(Fe(ON).) = 2KaFeFe(ON). + 12HON 
a and b. 2K4Fe(ON)fl + SHaSO* = SKaSO* + KaFeFe(ON)6 + 6HCN 

688. The Ferrocyanides of the alkali metals, strontium, calcium, and 
magnesium, are freely soluble in water; of barium, sparingly soluble ; of 
the other metals, insoluble in water. There are double ferrocyanides ; 
soluble and insoluble ; that of barium and potassium is soluble, hxxipotassio 
calcic ferrocyanide is insoluble. The most of the ferrocyanides of a heavy 
metal and an alkali metal are insoluble. Potassium and sodium ferrocyan- 
ides are precipitated from their water solutions by alcohol (distinction from 
ferri cyan ides). 

The soluble ferrocyanides are yellowish in solution and in crystals, 
white when anhydrous. The insoluble ferrocyanides have marked and 
very diverse colors — as seen below. 

In analysis, soluble ferrocyanides are recognized by their reactions with 
ferrous and ferric salts and copper salts (689). Separated from ferricyan- 
ide, by insolubility of alkali salt in alcohol. 

689. Solutions of alkali Ferrocyanides, as K^Fe(CN)^, give, with solu- 
ble salts of : 

* Upon structnral formulae of the ferrocyanides and ferrieyanides see Ladenburg^a EandwdrUrbuch 
(1885) III. 83, 98. 
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AinmiTiiiiTn, a white precipitate^ 



Antimony y a wliite 
Bismuth, a white 
Cadmium, a white 



it 
it 
it 



Calcium^ a white 

Chromium, no 

Cobalt, a green, then gray 

Copper, a red-brown 

Gold, no 

Iron (ferrous), whi. then blue ** 

Iron (ferric), a deep blue 

Iiead, a white 

Magnesium, a white 



it 

C€ 
CC 
t€ 



it 
it 

it 



a yellow-white 
Manganese, a white 



it 



it 



Al3(OH), and Pe(CN), (formed 
slowly). 

Bi,(Pe(CN).).. 

C6.^e[CN)^ (sol. in hydrochloric 

acid). 
K,CaPe(CN),. 

Co,Pe(CN),. 
Cu,Pe(CN),. 

K,FePe(CN),. 

Pe,(Pe(CN),).. 

Pb,Pe(CN),. 

(NHj,MgPe(CN), (in presence of 
NHJ. 

K,MgPe(CN)j (ouly in cone, solu- 
tion). 

Mn,Pe(CN)j (sol. in hydrochloric 
acid) 

Hg^Pe(CN)^ (gelatinous). 

Hg,Pe(CN")„, turning to Hg(CN), and 
Pe.(Pe(CN),)„ blue. 

Ni,Pe(CN).. 

Ag^Pe(CN"),, (slowly turning blue). 
(golatinous). 
UPe(CN),. 
U,(Pe(CN)J,. 
Zn,Pe(CN),. 
Insoluble ferrocyanides are transposed by alkalies (677 c, and 684). 

690. It will be observed (677) that ferrocyanides are ferrous combinations, while* 
ferricyanides are ferric combinations. And, although ferrocyanides are far less easily 
oxidized than simple ferrous salts, being stable in the air, they are nevertheless reduo- 
ing-agents— of moderate power. 

2K4Fe(CN)e + CI, = KeFe,(CN)ia + 2KC1 

691. Oxidation. — 

HNO, a. Forms first ferricyanic acid, then nitroferricyanic acid and NO. 

HNO, h. Forms ferricyanic acid, and then nitroferricyanic acid, NO being- 
evolved. 

CI c. Forms first ferricyanic and hydrochloric acids. Excess of chlo- 
rine to be avoided in preparation of ferric} anides. 



Mercury (merciirous), a whi. " 
Mercury (mercuric), a white " 



it 
it 
it 



Molybdenum, a brown 
Nickel, a greenish- white 
Silver, a white 
Tin (stannous, stannic), whi. '* 
Uranium (uranous), brown " 
Uranium (uranic), red -brown '* 
Zino, a white, gelatinous 
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HClb, d. Forms ferricyauic acid and HOI. 

Br e. Forms ferricyanic and hydrobromic acids. 

HBrO, /. Forms ferricyanic and hydrobromic acids. 

I g. Iodine is decolored by potassium ferrocyanide, and some potas- 

sium ferricyanide and potassium iodide are formed. The ac- 
tion is slow and never complete {Gmelin's Hand-hook, 7, 459). 

HIOs h. Forms ferricyanic acid and free iodine. 

PbO, i. With sulphuric acid forms Pb" and ferricyanic acid. 

Ag' j. With fixed alkali, forms an alkaline ferricyanide and metallic 

silver. 

MnO, k. With phosphoric acid, gives Mn" and ferricyanic acid. 

Mnv" I. Forms with potassium hydroxide MnO, and potassium ferricyan- 
ide. With sulphuric acid, manganous sulphate and ferricy- 
anic acid. 

Co'' m. With phosphoric acid, forms Co" and ferricyanic acid. 

Ni'" n. With acetic acid, gives Ni" and ferricyanic acid. 

Cr^ 0, With phosphoric acid, gives Cr'" and ferricyanic acid (/ScAow- 

hein, Jo^ir. fur Pract. Chemie, 20, 145). 

FEBRICYANIC ACID. H,Fe,(CN)j, 

Oxidation valence H',Pe'",(C"N-'"),, 

692. Absolute ferricyanic acid (quite as frequently called hydroferricyanic acid), 
H6Pea(ON)ia, is a non- volatile, crystallizable solid, readily soluble in water, with a brown- 
ish color, and an acid reaction to test-paper. It is decomposed by a slight elevation of 
temperature. In the transposition of most ferricyanides, by sulphuric or other acid, the 
hydroferricyanic acid radical is broken up. 

693. The Ferricyanides of the metals of tlie alkalies and alkaline 
earths are soluble in water ; those of most of the other metals are insoluble 
or sparingly soluble. Potassium and sodium ferricyanides are but slightly, 
or not at all, precipitated from their water solutions by alcohol (separation 
from ferrocyanides). 

In analysis, the reactions with ferrous and ferric salts are distinguish- 
ing. 

The soluble ferricyanides have a red color, both in crystals and solution ; 
those insoluble have different, strongly marked colors. 

Ferricyanides are not easily decomposed by dilute acids ; but alkali hy- 
drates either transpose them (677 c), or decompose their radicals (684). 

Solutions of metallic Ferricyanides give, with soluble salts of : 

Aluminium, no precipitate. 
Antimony, no precipitate. 
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Bismuth, light-brown precipitate, Bi,Fe,(CN)„ — insol. in hydrochloric 
acid. 

Cadmium, yellow precipitate, Cd,Pe,(CN")„ — sol. in acids and in ammo- 
nia. 

Chromium, no precipitate. 

Cobalt, brown-red precipitate, Co,Pe3(CN)„ — insoluble in acids. With 
ammonium chloride and hydroxide, excess of ferricyanide gives a 
blood-red solution, a distinction of cobalt, from nickel, manganese 
and zinc. 

Copper, a yellow-green precipitate, Cm^q^{CN)^^ — insol. in hydrochl. acid. 

Gold, no precipitate. 

Iron (ferrous), dark blue precipitate, Pe,Fe,(CN)j, — insoluble in acids. 

Iron (ferric), no precipitate, a darkening of the liquid. 

Iiead, no precipitate, except in concentrated solutions (dark brown). 

Manganese, brown precipitate, Mn,Fe,(CN)j5 — insoluble in acids. 

Mercury (Mercurous), red-brown precipitate, turning white on standing. 

Mercury (mercuric), no precipitate. 

19'ickel, yellow-green precipitate, N"i,Pe,(CN),3 — insol. in hydrochloric acid. 
Wich ammonium chloride and hydroxide, excess of ferricyanide gives 
a copper-red precipitate. 

Silver, a red-brown precipitate, Kg^eJ^CN)^^ — soluble in ammonia. 

Tin (stannous), white precipitate, Sn,Fe3(CN")„ — sol. in hydrochloric acid. 

Tin (stannic), no precipitate. 

Uranium (uranous), no precipitate. 

2inc, orange precipitate, Zn,Fe,(CN)j2 — soluble in hydrochloric acid and in 
ammonia. 



694. Ferricyanides, as ferric combinations, are capable of acting as Oxidizing 
Agents, the radical Fe"'9(0''N-"')i2, becoming Fo"(0"N-'")6, and taking another por- 
tion of metal into combination, forming ferrocyanides (compare 690). 

2K6Fea(CN)„ + 2HaS = 8K4Pe(ON)« + H4Fe(CN)« + Sa 
K«Fea(ON)ia 4- 2KI = 2K4Fo(ON)« + la 

Nitric acid, or acidulated nitrite, by continued digestion in hot solution, effects a 
still higher Oxidation of Ferricyanides, with the production, among other products, of 
nit ro- ferricyanides or nitro-prusndes. These salts are generally held to have the compo- 
sition represented by the acid H3Fe(NO)(CN)6 Sodium Nitroprusside is used as a re- 
agent for soluble sulphides — that is, in presence of alkali hydroxides, a test for hydrosai* 
phuric acid ; in presence of hydrosulphuric acid, a test for alkali hydroxides. 

Oxidation. — 
HNO, a. Forms nitroferricyanic acid. 
HNOg b. Forms nitroferricyanic acid. 
H3PO, c. Forms ferrocyanic acid and H^PO^. 
H,S d. Forms ferrocyanic acid and sulphur. 
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H3SO, e. Forms ferrocyanic acid and H,SO^. 

CI /. Decomposes, forming various undetermined products. 

HCIO, g. Chloric acid acts upon potassium f err icyanide, forming potassium 

super-ferricyanide, 'K^q{Q'N)^. 

8K.Fo,(ON)ia + KCIO, -f- 6H01 = 6KaPe(CNj, + 7K01 + 3H..O (Z. H. Skraup). 

HI h. Forms ferrocyanic acid and free iodine. 

Pb" L With potassium hydroxide, forms PbO^ and potassium ferrocy- 

anide [ Watts^ Dictionary, 2, 248], 

Sn" j. With potassium hydroxide, forms potassium stannate, K^SnO,, 

and potassium ferrocyanide [Watts* Dictionary , 2, 248]. 

Mn" k. With potassium hydroxide, forms MnO, and potassium ferrocy- 
anide [Boudaulty Jour.fiir Prakt. Ohemie, 36, 23], 

Cr'" h Forms in alkaline mixture a chromate and a ferrocyanide [Bou- 

dault, Jour, de Fharmacie (3), 7, 437]. 



CYANIC ACID. HCNO. 

Oxidation valence H'C'rN'-'"C)-" 

Structural valence H-O-CEH" 

695. The cyanates of the alkalies and of the fourth-group metals may 
be made by passing cyanogen gas into the hydroxides. The cyanates of the 
alkalies are easier prepared by fusion of the cyanide with some easily re- 
ducible oxide. 

OaNa + 2KOH = KCNO + KON + H3O 
KON + PbO = KCNO + Pb 
4KCN + Pb,04 = 4KONO + 3Pb 

The free acid may be obtained by lieating cyanuric acid, HjC.NjOj, to 
redness, better in an atmosphere of CO^. Cyanic acid is found in the dis- 
tillate. H,C,N,0, = 3HCNO. 

Absolute cyanic acid, HCNO, is a colorless liquid, giving off pungent, irritating vapor, 
and only preserved at very low temperatures. It cannot be formed by transposing me- 
tallic cyanates with the stronger acids in the presence of water, by which it is changed 
into carbonic anhydride and ammonia : 

HCNO + HaO = NH, -f- OOa. 

696. The Cyanates, therefore, when treated with hydrochloric or sulphuric acid, 
effervesce with the escape of carbonic anhydride (distinction from cyanides), the pungent 
odor of cyanic acid being perceptible. The ammonia remains in the liquid as ammonium 
salt, and may be detected by addition of potassium hydroxide, with heat. 

2HCNO + 2H3SO4 + 2HaO = KaSO* + (NHOaSO* + 2CO, 

697. The cyanates of the metals of the alkalies and of calcium are soluble in water ; 
most of the others are insoluble or sparingly soluble. All the solutions gradually decom- 
pose, with evolution of ammonia. — Silver cyanate is sparingly soluble in hot water, 
readily soluble in ammonia ; soluble, with decomposition, in dilute nitric acid (distinc- 
tion from cyanide). Copper cya/nate is precipitated greenish-yellow. 
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Ammonium cyanaU in solution changes gradually, or immediately when boiled, tx> 
urea, or carbamide, with which it is isomeric : NH4CNO :^ (NHa)'3(CO)". The latter 
is recognized by the characteristic crystalline lamiuiB of its nitrate, when a few drops of 
the solution, on glass, are treated with a drop of nitric acid. Also, solution of urea with 
solution of mercuric nitrate, forms a white precipitate, CH4N30(HgO)3, not turned yel- 
low (decomposed) by solution of sodium carbonate (no excess of mercuric nitrate bein^ 
taken). Solution of urea, on boiling, is resolved into ammonium carbonate, which slowly 
vaporizes : 

CH4N3O + 2H3O = (NH4)3COs 

Cyanates, in the dry way, are reduced by strong deoxidizing agents to cyanides. 



THIOCYANIC ACID. HCNS. 

Oxidation valence H'C^^-"'S-" 

Structural valence H-S-C=N 

698. An aqueous solution of HCNS may be obtained by treating lead 
thiocyanate suspended in water with H^S. Also treating barium thiocyan- 
ate with H^SO^ in molecular p»oportions. The anhydrous acid is obtained 
by treating dry Hg(CNS), with H,S. Potassium thiocyanate is formed by- 
fusing KCN witli S. Or two parts of K^Pe(CN)g with one part of sulphur. 
Also by fusing the cyanide, or ferrocyanide of potassium with potassinu^ 
thiosulphate, K^S^O,. 

2HCN + S3 = 2KCNS 

K4Fo(ON)fl + 3S3 = 4KONS -f- Pe(ONS)3 

4ECN + 4E3S3O3 = 4KCNS + 3K3SO4 + K3S 

2K4Fe(CN)« + I2E3S3O, = X2HCNS + 9E3SO4 + E3S + 2FeS 
Thiocyanic is quite as frequently called sulphocyanic acid, and its salts 
either sulphocyanides or sulphocyanates. It corresponds to cyanic acid, 
HCNO, oxygen being substituted for sulphur. 

699. Absolute thiocyanic acid, HCNS, is a colorless liquid, crystallizing at 12*" C. 
(54"* F.), and boiling at 85" C. (185° F.) It has a pungent, acetous odor, and reddens lit- 
mus. It is soluble in water. The absolute acid decomposes quite rapidly at ordinary 
temperatures; the dilute solution, slowly; with evolution of carbonic anhydride, carbon 
disulphide, hydrosulpliuric acid, hydrocyanic acid, ammonia, and other products. 

The same products result, in greater or less degree, from transposing soluble thio* 
cyanates with strong acids; in greater degree as the acid is stronger and heat applied ; 
while in dilute cold solution, the most of the thiocyanic acid remains undecomposed, giv- 
ing the acetous odor (see 701). The thiocyanates, insoluble in water, are not all readily 
transposed. Thiocyanates of metals, whose sulphides are insoluble in certain acids, re- 
sist the action of the same acids. 

The thiocyanates of the metals of the alkalies, alkaline earths ; also, 
those of iron (ferrous and ferric), manganese, zinc, cobalt, and copper — ^are 
soluble in water. Mercuric thiocyanate, sparingly soluble ; potassio mer- 
curic thiocyanate, more soluble. Silver thiocyanate is insoluble in water,. 
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insoluble in dilute nitric acid, slowly soluble in ammonium hydroxide. 
The ferric reaciion is the most distinctiye. 

700. Solutions of metallic Thiocyanates give, with soluble salts of : 

Cobalt, very concentrated, a blue color, Co(ON"S)3, crystallizable in blue 

needles, soluble in alcohol, not in carbon disulphide. The 
coloration is promoted by warming, and the tejit is best made 
in an evaporating dish. In strictly neutral solutions, iron, 
nickel, zinc, and manganese, do not interfere (Schoesn). 

Copper, if concentrated, a black crystalline precipitate, Cu(CNS)„ soluble 

in thiocyanate. With sulphurous acid, a white precipitate^ 
CuCNS. 

Iron (ferrous), no precipitate or color. 

Iron (ferric), an intensely blood-red solution of Pe,(CN"S)g, decolored by 

solution of mercuric chloride (317, distinction from acetic 
acid) ; decolored by phosphoric, arsenic, oxalic, and iodic 
acids, etc., unless with excess of ferric salt ; decolored by alka- 
lies, and by nitric acid, not by dilute hydrochloric acid. On 
introduction of metallic zinc, it evolves hydrosulphuric acid. 
Ferric thiocyanate is soluble in ether, which extracts traces of 
it from aqueous mixtures, rendering its color much more evi- 
dent by the concentration in the ether layer. 

Iiead, gradually, a yellowish crystalline precipitate, Pb(CNS)2, changed by 

boiling to white basic salt. 

Mercury (mercurous), a white precipitate, Hg3(CN'S)3, resolved by boiling 

into Hg and Hg(CNS)3. The mercurous thiocyanate, Hg,- 
(CNS)„ swells greatly on ignition (being used in "Pharaoh's 
serpents"), with evolution of mercury, nitrogen, thiocyano- 
gen, cyanogen, and sulphur dioxide. 

Mercury (mercuric), in solutions not very dilute, a white precipitate 

Hg(CNS)3, somewhat soluble in excess of the thiocyanates, 
sparingly soluble in water, moderately soluble in alcohol. On 
ignition, it swells like the mercurous precipitate. 

Platinum. Platinic chloride, gradually added to a hot, concentrated solu- 
tion of potassic thiocyanate, forms a deep-red solution of 
double thiocyanate of potassium and platinum ('KCTSS)^BXr 
(CNS)^, or more properly, K,Pt(CNS)g, the thiocyano-plati- 
nate of potassium. The latter salt gives bright- colored pre- 
cipitates with metallic salts. The thiocyano-platinate of 
lead (so formed) is golden-colored ; that of silver, orange-red. 

Silver^ a white precipitate, AgCNS, insoluble in water, insoluble in dilute 

nitric acid, slowly soluble in ammonium hydroxide, readily 
soluble in excess of potassic thiocyanate ; blackens in the 
light. 
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701. Certain active oxidizing agents, viz. : nascent chlorine, and nitric acid contaiiW 
ing nitrogen oxides, acting in Iiot, concentrated solution of thiocyanates, precipitate 
perthiocyanogeUf H(ONS)8, of a yellow-red to rose-red color, even blue sometimes, when 
concentrated. It may be formed in the test for iodine, and mistaken for that element, 
in starch or carbon disulphide. If boiled -with solution of potassium hydroxide, it forms 
thiocyanate. 

Concentrated hydrochloric acid, or sulphuric acid, added in excess to water solution 
of thiocyanates, causes the gradual formation of a yellow precipitate, pe^ thiocyarnc acid^ 
(HCN)aSs, slightly soluble in hot water, from which it crystallizes in yellow needles. It 
dissolves in alcohol and in ether. 

Thiocyanate of potassium can be fused in close vessels, without decomposition ; but 
with free access of air, it is resolved into sulphate and cyanate, with evolution of sulphu- 
rous acid. 

702. Oxidatian. — When thiocyanic acid is oxidized, the final product, 
as far as the sulphur is concerned, is always sulphuric acid or a sulphate. 
In many cases (in acid mixture) it has been proven that the cyanogen is 
evolved as hydrocyanic acid. In other cases the same reaction is assumed 
as probable. 

HNO, a. Forms sulphuric acid and nitric oxiile. 

HNO, b. Forms sulphuric acid and nitric oxide. 

CI c. Forms at first a red compound of unknown composition, then 

HCl, H,SO^, and HCN are produced. In alkaline mixture a 
chloride and sulphate are formed. 

HCIO d. Same as with CI. 

HCIO, e. Forms sulphuric, hydrochloric, and hydrocyanic acids. 

Bf /. Forms HBr and H,SO^ ; but with alkalies, a bromide and sul- 

phate. 

HBrO, g. Forms HBr and H,SO,. 

HIO3 h. Forms H,SO^ and free iodine. 

PbO, and Pb^O^ L Forms Pb" and sulphuric acid. In acid mixture only 

(E. A. Hardow, Jour. Chem. Socy 11, 174). 

HjAsO^ j. Forms H^AsO,, hydrocyanic and sulphuric acids. 

(CoJ^ k. Forms Co", hydrocyanic and sulphuric acids. 

(NiJ^^ /. Forms Ni", hydrocyanic and sulphuric acids. 

Cr^^ m. Forms (CrJ^i^ hydrocyanic and sulphuric acids. 

Mn"+'* n. Forms Mn", hydrocyanic and sulphuric acids. In alkaline 

mixture, a cyanate and sulphate are formed (WuRTz's Diet. 
Chim. 3, 95). 

NITROGEN. N = 14.0210. 

703. Specific gravity , 0.9713. Vapor, density (H = 1), 14; which is un- 
derstood to indicate that the molecule has two atoms, N,. 

Occurrence. — It exists in a free state in the air to the extent of about 




Nitrogen. 

79 per cent, by volume. It is found combined with hydfogen as NH3, and 
with bases as nitres. It exists in combination in the vegetable kingdom in 
nearly all the products of plant life, and in the animal kingdom in the 
fluids and tissues of the body. 

Preparation. — Nitrogen is produced : (1) From the air, by removing 
the oxygen by ignition of phosphorus, by action of moist iron or other me- 
tallic filings, by potassium pyrogallate by NO and subsequent washing. 
(2) By passing 01 into an excei<s of NH^OH solution. (3) By igniting 
NH^NOj. (4) By igniting mixed KNO, and NH^Ol. (5) By fusing to- 
gether NH^NOj and NH^Ol and washing to remove the chlorine. (6) By 
ignition of (NHJ,Cr,0,. (7) By ignition of K,0r,O, and NH^Ol. 

2. 8NHs + sola = 6NH4OI + Na 

3. NH4NO, = Ns + SHaO 

4. KNO3 + NH4OI = KOI + 2H3O + N, 

5. 4NH4NOS + 2NH4OI = I2H3O + 5N, + Ola 
(i. (NH4)aOra07 = Na + OraOs + 4HaO 

7. KaOraOr + 2NH4OI = OtaO, + 4HaO + 2K01 + Na 

704. Properties. — A colorless, ta&teless, odorless gas. It is not poison- 
ous, but kills by excluding the air from the lungs. It has been liquefied by 
the cold produced by its own expansion from a compression of 300 atmos- 
pheres at 13° C. Under ordinary atmo^pheric pressure, liquid nitrogen 
boils at -193.1° C. (Wroblev^ski, 1884). It rarely combines with other 
free elements. Quantitatively it is estimated by measuring its volume after 
separating it from other gases. 

705. The Nitrogen Series of Elements comprises five perrissads, all acting as triads 
in their more stable or typical unions, and differing from each other in regular grada- 
tion. Some of these progressive variations may be stated as follows : 





K 


P 


As 


Sb 


Bi 




Non-metal. 


Non-metal. 


Non-metal. 


Metal. 


Metal. 


Atomic wei8:ht8 


14.0310 


80 958 


74.918 


119.955 


207.523 


Vaporization. 

Typical 

hydrides. 


(Gaseous.) 

N-^'H, 

Strong bas e. 
Slowly decom- 
posed by elec- 
tricity. 


At 287.3°C. 

Weak base. 
Readily decom- 
posed by elec- 
tricity. 


At 450° C. 

As-'^Hs 

Indifferent. De- 
composed at 
red neat. 


At white heat. 

Sb-'Ha 

Indifferent. De- 
composed be- 
low red heat. 


At full furnace 
heat. 


Typical oxy8:en 
compounds. 


HNvOs 


HPvOa 

HsPv04 


H8A8VO4 

As^'aOa 


Sb'aO, 


Bi'",0, 




Active acid. 


Weak acid. 


Weflk acid. 


Indifferent acid. 


Not acidulous. 




Soluble salts. 


Precipitates. 


Precipitates. 


Precipitates. 


Precipitates. 



When any dry carbon-compound containing nitrogen (organic) is heated with excess 
of dry sodium hydrate and lime (or any dry, fixed alkali), ammonia is evolved, and may 
be recognized by its odor, effect on moist litmus-paper, etc. 
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NITBOUS OXIDE. TSfl. 

Oxidation valence "N'fir" 

O 

Structural valence, usually represented as N=N 

706. Specific gravity (observed), 1.614 (Dalton). Vapor density 
(H=l), 22. 

Prepared usually by heating ammonium nitrate to 243° C. Above 260** 
C, other products, especially NO, are formed. It is purified by passing 
through KOH, to remove 01, and through PeSO^, to remove NO. 

Properties. — Nitrous oxide (laughing gas) is colorless, odorless, and 
has a sweet taste. When inhaled, produces first transient intoxication, 
and then complete anaesthesia. At 0° C, under a pressure of 30 atmos- 
pheres, it tondenses to a liquid, which, at ordinary atmospheric pressure, 
boils at -92° C. (Pictet). On exposure to the air, the cold caused by its 
own evaporation causes it to freeze at —99° C. (Wills). Soluble in water, 
alcohol, and ether. Incombustible, but supports combustion. 

NITRIC OXIDE. NO. 

Oxidation valence N"0"'' 

N=0 

Structural valence. . . — N=0 (Frankland) or N=0 

707. Specific gravity 1.041 (Thomson). Vapor density, (H=l), 15. 
Preparation. — (1) By action of HNO,, sp. gr. 1.20, upon metallic Cu, 

Ag, Hg, Zn, etc. (2) By action of PeSO^ upon KNO^, in presence of hot 
H^SO, ; or of PeCl, and HCl. (3) By passing NH3 over hot MnO,. 

1. 30u + SHNOs = 30u(N03)2 + 4HaO + 2NO 

2. 6FeS04 + oH,S04 + 2KNO, = SPeavSOOs 4- 2KHSO4 + 4HaO + 2NO 
6Fe01a + 8HC1 + 2KNO, = aPeaOle -f- 4HaO + 2Kai + 2NO 

8. 5MnO., -!- 2NH3 = 5MnO + 3HaO + 2NO 

Properties. — Condenses to a liquid at -11° C, under a pressure of 104, 
and at 8° C, under a pressure of 270 atmospheres (Cailletet, 1877). A 
colorless gas, having a disagreeable odor ; destroying life if respired, even 
for a few seconds. It immediately oxidizes to NO^ when it comes in con- 
tact with the air. Solution of FeSO^ absorbs it freely, forming (PeSOj^NO, 
from which compound the NO is driven off unchanged by boiling ; see test 
for HNO3 (724). It is absorbed by nitric acid, forming a red, green, or 
blue solution, according to the temperature and degree of dilution. 

NITROUS ACID. HNO,. 

Oxidation valence .H'N'"0~"3 

Structural valence H— O— N=0 

708. Nitrous anhydride (N^O,). When starch, sugar, arsenious acid, 
and other easily oxidizable bodies are heated together with nitric acid, red 
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fumes are given off, consisting of varying quantities of N,0, and NO,, and 
capable of being condensed to a very volatile green-colored liquid. This 
liquid may be employed for the purpose of preparing pure nitrous anhy- 
dride by passing a current of nitric oxide gas into the warmed liquid, and 
allowing the gas which is evolved to pass through a heated glass tube, the 
product being condensed in a tube plunged into a freezing mixture 
(Hassen^bach, Jour, Prac, Chem, (2), 4, 1). Nitrous anhydride is also 
obtained when a mixture of one volume of oxygen and four volumes of 
nitric oxide is allowed to pass through a hot tube ; thus : 2NO + O == N,0,. 
It is a deep-red gas. It condenses to a blue liquid at 14.4*^ C under 755 
m.m. pressure (Gains, 1883, Ohem. News, 48, 97). 

Nitrous acid. — Water at 0° C. dissolves N,0,, forming a blue solution, 
supposed to bo nitrous acid (HNOJ. But it has never been isolated. It de- 
composes at ordinary temperatures, thus : 3HNO, = HNO, + 2NO -f- H,0. 



709. Likewise, when a metallic nitrite is transposed by dilute sulphuric acid, nitric 
oxide is evolved and nitric acid is left in solution ; the brown gas which appears being 
formed by tiie oxidation of nitric oxide, as soon as it enters the air : 

6KNOa + 3HaS04 = 8KaS04 + 2HNOs + 2HaO + 4NO 
Nitrites, in many relations, act very readily as oxidizing agents; in other relations, 
with equal readiness, as deoxidizing agents. In both of these directions, they furnish re- 
actions for tlieir identification. 

By Oxidizing Action, nitrites mostly furnish one-fourth of their oxygen, leaving ni- 
tric oxide. Wlien decomposed in dilute cold solution by acetic acid or very dilute sul- 
phuric acid, tiiey instantly liberate iodine from iodides {distinction from nitrates^ which 
do not give this reaction, even in concentrated solutions). Only a drop or two of the 
potassium iodide solution should be added ; if but traces of nitrite are present, the 
iodine may be detected by starch or carbon disulphide. 

HNO, + HI = I + HaO + NO 

710. Nitrites with very dilute acids— and witli acetic acid— form the tyrotm liquid 
with cold solutions of ferrous salts (distinction from nitrates, provided the reagent, 
FeS04, contains no free sulplmric or other free acid). 

6PeS04 + 2H3SO4 + 2KNOa = PeaCSO*), -r KaSO* + 2(PeS04)2N0 + 2HaO 

Nitrites, with iodic acid, or iodate and slight acidulation, give free iodine—^ good 
distinction from nitrates. 

A concentrated solution of nitrites, treated with a drop or two of aniline sulphate 
solution, gives the vapor of phenol, recognized by its odor (OeHiN oxidized to 0«H«0) 
—a distinction from nitric acid. Indigo solution in sulplmric acid is bleached by 
nitrites. 

As a reducing agent, a nitrite decolors potassium permanganate solution acidulated 
with sulphuric acid — an easy distinction from nitrate. 

711. Nitrites are all soluble in W9XeT— argentic nitrite being but very sparingly 
soluble, and nitrites generally requiring for solution a larger proportion of water than 
nitrates. In solutions not very dilute, silver nitrate precipitates silver nitrite, AgNOa, 
white. In moderately concentrated solutions of potassium nitrite, cobalt nitrate precipi- 
tates poto««to cohaltic nitrite, (KNOa).OOaO,(NaO,)a, reddish-yellow, sparingly soluble in 
water (270). 
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In axialyiii, nitrites respond to the comraon test for nitrates (724); from which they 
are distinguished as stated in 700 to 711. 

By ignition, metallic nitrites are resolved into metallic oxides, nitrogen^ and oxygen ; 
except silver and mercury nitrites, and the nitrites of some of the rarer metals which, 
like their oxides, are reduced to the metallic state by heat alone. Ammonium nitrite is 
decomposed into nitrogen and water. Heated with oxidizable bodies, nitrites deflagrate 
or detonate, like nitrates. 

If cyanide of potassium be added to an alkaline nitrite, then some neutral solution of 
cobaltous chloride and a little acetic acid, the liquid becomes of a rosy-orange color from 
the formation of nitrocyanide of cobalt and potassium (C. D. Braun). 

712. Froduotion of nitrites. — The nitrites are all soluble; the silver 
and lead salts sparingly. 

Nitrite of potassium may be made by fusion from the nitrate, oxygen 
being evolved, or by passing peroxide of nitrogen, TSfi^. into potassium hy- 
drate. Silver nitrite can be made from this by precipitation, and purified 
by recrysallization. I 

Basic lead nitrite can be made by boiling lead nitrate with metallic lead. 
The other nitrites are made by transposition ; adding to silver nitrite, the 
chloride of the metal, which we wish to change to a nitrite, care being 
taken to add just enough. The nitrites of mercurosum, tin, antimony, bis- 
muth, aluminium, iron, and chromium have not been made. 
'?*-*» \. 1\^> Oxidation. — Nitrous acid acts sometimes as an oxidizing and some* 
times as a reducing agent. When it oxidizes nitric oxide is formed. When 
it reduces nitric acid is produced. 

HjPO, b. Nitric oxide and phosphoric acid are formed. 

H^S c. Hydrosulpliuric acid has no action upon nitrite of potassium, but 

on addition of acetic acid sulphur separates, and if the solu- 
tion is hot nitric oxide is formed, the fumes of peroxide of ni- 
trogen being clearly visible. 

HjSO, d. Forms sulphuric acid and nitric oxide [Gmelin-Krant, Handhuch 

der Cheinir, I. 2, 458]. 

HClOj^. First forms peroxide of chlorine, C1,0^ [MiUon'], then hydro- 
chloric acid [^Toussaint ; Gmelin-Krauty Handbuch der 
Chemie, I. 2, 458]. 

Br h. Free bromine seems to have no action on nitrous acid. 

HI y. Forms iodine and nitric oxide. 

HIO3 Jc. Forms iodine and nitric acid. 

HCNS /, Forms sulphuric and hydrocyanic acids, and nitric oxide Some- 
times traces of other cyanogen products are formed. 

H^Pe(CTr)g ?w. Forms first, ferricyanic acid, then nitroferricyanic acid. 

HgPea(CN)j, n. Forms nitroferricyanic acid. 

PbO, 0, Forms Pb" and nitric acid [Gmelm- Kraut , Handbuch der ChemUy 

I. 2, 458]. 
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Hg' p. Becomes Hg° [ Watts' Dictionary, 4, 70 ; Wurtz's Dictionnaire de 

C7iimie, I. 489 ; Gmelin-Kraut, Ha?idbuch der Cliemie, L 
2, 460]. 

Mercuric 'salts are not reduced [Heppe, Cfiemische Eeadionen, 

336]. 
Mn'' + '> r. Forms Mn'' and nitric acid. 

Co" s. Changes Co" to Co'" (270) [ Watts' Dictionary, I. 1046]. 
Ni'" t. Nitrites acidulated with phosphoric acid reduce Ni'" to Ni", 

even in the cold. 
Cr^ u. Becomes (CrJ^' [ Watts' Dictionary, 4, 70]. 
Urea v. On warming ilie nitrogen of both compounds is set free. 

CH4N3O -f- 2HNOa = COa H- 2Na + 8H,0 

NITBOGEIl^ FEBOXIDE. NO,. 

Oxidation valence ' N^^O"", 

714. Vapor density at 140° C. (H^l) is 23 (Deville and Troost), 
showing that at that temperature the molecule is NO,. At 60.2° C. the 
density seems to indicate that the gas is made up of a mixture of equal 
parts of NO, and N,0^. 

Production. — (1) By siibmitting one volume of oxygen and two parts 
of NO to a freezing mixture, NO -|- O = NO,. (2) By ignition of 
Pb(NO,),. 2Pb(NO,), = 2PbO + 4NO, + O,. The NO,^ is separated 
from the oxygen by passing the mixed gases through a freezing mixture. 
(3) By adding oxygen to the oxides evolved by the action of nitric acid on 
metals and other reducing agents. It is formed when NO comes in contact 
with the air. 

Properties. — A brownish-red gas, very irritating and poisonous when 

inhaled. Does not support ordinary combustion. It solidifies at -9'' C. 

(Peligot) ; and boils at 21.6° C. (Thorpe, 1880). At O*' C, water forms 

HNO, and HNO,. At higher tempeiatures, HNO, and NO. Potassium 

hydroxide forms a nitrate and a nitrite. 

2NO3 + H,0 = HNO, + HNO, 

8NO, + HaO ^ 2HNO, + NO 

2NOti + 2KOH = ENOs + ENO, + H3O 

NITBIC ACID. HNO,. 

Oxidation valence H'N^ O"", 

O 
r 

Structural valence H-0-N=0 

715. Preparation of nitric anhydride, N,0^. — (1) By passing dry chlo- 
rine over AgNO, at 03.5° C. condensing the gas in a cold receiver (De- 
ville). (2) By ]\is<ing NO,Cl over AgNO, (Odet and Vignon). (3) By 
treating HNO, with P,Oj (Weber). 
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1. 4AgNO, + 201a = 4Ag01 -|- 2Na06 + O, 

2. AgNO, + NOaOl = AgOl + NaO* 

3. 6HNO, -h PaO. = 2H,P04 + SNaOs 

A colorless solid, melting at 30° C, and boiling at 45° to 50° C. (De- 
ville). It is instable, decomposed by heac above, its boiling point. It 
unites with water to form the corresponding acid. 

716. Absolute nitric acid — HN^ 0» — is a colorless, transparent, mobile liquid, of the 
specific gravity of 1.58 at 15° C. [Miilon], boiling at 86° C. (187° F.) with partial decom- 
position, leaving nitric acid mixed with water. Aqueous nitric acid Jiaving 70 per cent, 
of HNO3, and corresponding to (HN08)a(HaO)8, specific gravity 1.42, appears to be a 
definite hydrate, as both stronger and weaker acids are, by boiling, reduced to this 
composition, which boils at 123° C. (253° F.) The reagent designated in this work as 
nitric acid has a specific gravity of 1.2, and about 35 per cent, of HNOs (Fresenius' 
stamlard). 

717. By heating, by action of the light, and by organic particles from the air, strong 
nitric acid parts with oxygen and generates nitrous aniiydride and nitric peroxide, NaOt 
and Na04, which remain dissolved with a yellow color. 'J'he tendency to this change is 
very strong in absolute nitric acid, which cannot well be preserved colorless ; and the 
acid of 70 per cent, colors far more readily than that of 85 per cent. The nitrogen ox- 
ides may be expelled by boiling ; or, with less waste of nitric acid, by passing pure 
air through it, by means of a bellows, a wash-bottle, and, to avoid dilution, a drying- 
tube. 

Nitric acid is a strong oxidizing agent, and, as such, its reactions with oxidizable 
•elements and compounds are in constant requisition in analysis. Unless heated, nitric 
acid does not generally oxidize substances as quickly as chlorine with water. 

718. In oxidizing and dissolving metals or metalloids, and in oxidizing lower 
oxides, nitric acid most frequently disengages water and nitric oxide {d)\ but, with cer- 
tain substances and under certain conditions, other residues are chiefly produced, as 
dinitrogen tetroxide (6), nitrous acid (c), nitrous oxide (e), nitrogen (/), hydrogen (a), 
ammonium nitrate {g). Examples of several of these results, as varied by conditions, fire 
seen in the case of zinc (290 c, d, e), iron (202 6, c, d, e), tin (526 d, e), arsenious acid 
(475 c). Further, in the study of oxidations, see 733. 

a. HNCs = NOs (combined) + H 

b, 2HNO, = ** + H2O + N2O4 

+ HN02(2HNOa = HaOandNaO,) 
+ H,0 -h 2NO 
+ HaO + N2O 

** + H2O -h 2N (combined). 

g, IOHNO3 = 8NO, ** + 3HaO + NH4NO8 

719. The metallic sulphides (except mercuric sulphide) dissolve as nitrates by action 
of nitric acid, more or less readily ; the sulphur being at first mostly left as a residue. 
But as fast as the sulphur is oxidized, metallic sulphates are formed, soluble or insoluble 
(equations in 388). 

720. Nitric acid is formed by transposition between sulphuric acid and 
nitrates : 

ENOs + H3SO4 = HNO, + KHSO« 

(With solid nitrates, short of a high heat.) 
2KNOa + HaS04 = 2HNO, + K3SO4 

(In solution ; or with solids at a red heat.) 



c. 


HNO, = 


d. 


2HNOs - 30 


e. 


2HNO3 = 40 


/. 


2HNO3 = 50 
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721. The Nitrates are all soluble in water. There are a few basic ni- 
trates — basic bismuth nitrate, basic mercurous and mercuric nitmtes — insol- 
uble in water. Many of the nitrates are insoluble in alcohol. 

Most of the tests for the identification of nitric acid are made by its 
deoxidation, disengaging a lower oxide of nitrogen (724), or even, by com- 
plete deoxidation, forming ammonia (726). 

722. Sulphuric acid is transposed with metallic nitrates, with but littlfr 
decomposition of the nitric acid formed (720). The colorless or sliglitly 
reddish gas does not rise till the mixture is very hot — absolute nitric acid 
not being, like hydrochloric acid, a gas at ordinary temperatures. It red- 
dens litmus, and has a characteristic acrid odor. 

723. If, with the sulphuric acid, a bit of copper turning, or a crystal of 

ferrous sulphate, is added to a concentrated solution or residue of nitrate, 

the mixture gives off abundant brown vapors ; the colorless nitric oxide, 

NO, which is set free from the mixture, oxidizing immediately in the air tO' 

dinitrogen tri oxide and peroxide, N^O, and NO, : 

2KNO3 + 4HaS04 + 30u = KaS04 + SOuSO* + 4HaO + 2NO 
2KNOa + 4HaS04 + 6PeS04 = KaSO* + 3Pea(S04)3 + 4HaO + 2NO 

2NO + O = N2O3 
2NO H- 30 = N2O4 

The three atoms of oxygen fttrnished by two molecules of nitrate (as in. 
718 d), suffice to oxidize three atoms of copper ; so that 3GuO with 3H,SO^, 
may form 3CuSO^ and 3H3O. The same three atoms of oxygen (having 
six bonds) suffice to oxidize six molecules of ferrous salt into three mole- 
cules of ferric salt ; so that 6PeSO^ with 3H,SO^, can form 3Pe,(SOj, 
and SHp. 

724. Now if, by the last-named reaction, the nitric oxide is disengaged 
in cold solution, with excess of ferrous salt and of sulphuric acid, instead 
of passing off, the nitric oxide combines -with the ferrous salt, forming a 
black brown liquid, (PeSOj^NO, decomposed by heat and otherwise in- 
stable. And 2NO require 4PeSO^, in addition to the proportion of ferrous, 
salt in the equation in 723. 

2KNO3 + 4H,S04 + 10PeSO4 = KaS04 + 3Pe2(S04)3 + 4H2O + 2(PeS04)aNO 

This exceedingly delicate test for nitric acid or nitrates in solution may 
be conducted as follows : Take sulphuric acid to a quarter of an iucn in 
depth in the test-tube ; add without shaking a nearly equal bulk of solu- 
tion of ferrous sulphate, and cool the liquid ; then add slowly of the solu- 
tion to be tested for nitric acid, slightly tapping the test-tube on the side, 
but not shaking it. The ** broion ring " forms, between the two layers of 
liquid — violet, red, brown, or black, according to proportions and condi- 
tions. The color disappears on heating, with evolution of nitrous gas, yel- 
lowish ferric solution remaining. The test is somewhat more delicate if a 
crystal of ferrous sulphate be added, instead of tlie solution, nnd the te4# 
tube be set aside for several hours. 
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726. Slight traces of nitrate (as in rain or river-waters) are detected, according to the 
above reaction, by first reducing to nitrite by heating for some time with zino amalgam, 
or less readily with finely divided zinc. Nitrites previously found to be absent, by the 
same test, viz. : To a thick layer of the clear filtered water the solution of ferrous sul- 
phate is added, and the brown coloration obtained, if nitrites have been fonned. Or, a 
drop or two of potassiiim iodide solution with fresh starch-paste, and a drop or two of 
very dilute sulphuric acid, is added (709). 

The reduction to nitrite may also be efiected by zinc or cadmium, in acidulated so- 
lution, as follows (Storer):* Boil the solution, sligiitly acidulated (by addition of sul- 
piiuric acid, if necessary) with metallic cadmium (or zinc), for about five minutes, in a 
tall vessel — or, better, in a retort with raised condenser — and filter or decant from the 
metal. Then add a mixture of potassium iodide and starch-paste— or, better, a mixture 
of zinc iodide, ziuc chloride, and starch-paste. The iodine-color indicates nitrous acid, 
reduced from nitric acid. Without the boiling in acidulate solution, hydrogen peroxide 
may be formed, giving a fallacious indication for nitric acid. 

726. Reduction to Ammonia, by strong reducing agents (718 g), is a valuable re- 
source in identifying nitric acid. The tests based on this principle are delicate, but do 
not distinguish nitric acid from nitrous acid or cyanogen compounds. Ammonia, if 
found already present, may be distilled off. In those tests requiring use of strong al- 
kali, nitrogenous organic substances will give ammonia. The ammonia obtained is, in 
most methods> identified by potassium mercuric iodide — a reaction so delicate as to 
show the frequent presence of ammonia in distilled water and many reagents. Hence, 
all these must be first tested, if necessary, after distillation. Larger quantities of am- 
monia are recognized in vapor, by litmus, etc. 

In neutral solutions, sodium amalgam is used as follows — a method for the total of 
nitric and nitrous acids and ammonia, in potable waters, and otherwise applied: To 6 or 
S cub. cent. (IJ^ or 2 fluid drachms) of the solution (in a carefully cleaned test-tube) add 
100 to 200 grains of sodium-amalgam which is J^ per cent, sodium ; cork the tube lightly 
and leave for twelve hours. Hydrogen is always slowly evolved, and escapes. Decant 
and rinse into a glass cylinder one inch wide, and at least six inches high, and add water 
to about 60 cub. cent. (2 fluid ounces). Nessler's test solution is now applied. The test 
cannot be maae before decantation from the amalgam, as the nascent hydrogen inter- 
feres. j^(\^ > 

The nascent hydrogen developed by dissolving zinc in solution of potassium hy- 
droxide also reduces nitrates in the alkaline solution, and evolves ammonia. This is 
a convenient and efficient test by reduction to ammonia. The solution should be 
strongly charged with potassium hydrate, the zinc finely divided, and mixed with half its 
weight of iron filings. The mixture is then distilled at a boiling rate, and the distillate 
tested for ammonia by potassium mercuric iodide. The reagents, including the water, 
should be first tested in the apparatus. 

Metallic magnesium may be used for the reduction, as follows: Acidulate with 
phosphoric acid; add magnesium wire, and leave, cold, a few minutes. Then test for 
ammonia, by the potassium mercuric iodide solution with potassium hydroxide. If in- 
terfering acids are present, add potassium hydroxide, distill, and test the distillate for 
ammonia. 

Stannous chloride and hydrochloric acid, heated with a nitrate, form stannic chlo- 
ride, and convert nitric acid to ammonia (which remains as ammonium salt). 

727. With hydrochloric acid, nitric acid forms free chlorine, etc. (nitrohydrochloric 
noitl). applied as a test for nitric acid — in absence of other oxidizing agents — as follows : 
Heat a little hydrochloric acid in a test-tube to boiling; color it (slightly) with a drop or 

* Atner. Jour. Science, [3] XII. 176 (Sept., 1876). 
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two of very dilute indigo solution (in sulphuric acid), and boil again. If the hydro(?hlo- 
ric acid was pure, the color remains unchanged. The addition of a nitrate, with boiling, 
now quickly bleaches the solution. 

728. Phenol, OoHsOH, gives a deep red>brown color with nitric acid, by formation 
of Tiitrophenol (mono, di, or tri), CeH4(NOt)OH to CoH3(NOa)30H, *' picric acid" or 
nitrophenic acid. A mixture of one part of phenol (cryst. carbolic acid), four parts of 
strong sulphuric acid, and two parts of water, constitutes a reagent for a very delicate 
test for nitrates (or nitrites), a few drops being sufficient. With unmixed nitrates, the 
action is explosive, unless upon very small quantities. The addition of potassium hy- 
droxide deepens and brightens the color of the nitrophenic acid solution. 

729. Bruciaj dissolved in concentrated sulphuric acid, treated (on a porcelain sur- 
face) with even traces of nitrates, gives a fine deep-red color, soon paling to reddish-yel- 
low. If now stannous chloride dilute solution be added, a fine red- violet color appears. 
(Chloric acid gives the same reaction ) Aniline Sulphate solution, with a half volume of 
concentrated sulphuric acid, treated (on a porcelain surface) with traces of nitrates, 
gives a rose-red color, commencing with red lines, and when concentrated appearing 
brown-red. 

730. By slight ignition, nitrates of the fixed alkali and alkaline earth metals are 
reduced to nitrites, recognized as shown in 709. Stronger ignition changes them to caua- 
He haseSf with formation of brown vapors. Nitrates of heavy metals are mostly changed 
to oxides by Heat; ammonium nitrate, wholly to 7iitrous oxide and water. 

Heated on Charcoal, or with potassium cyanide, or sugar, sulphur, or other easily 
oxidizable substance (as in gunpowder), nitrates are reduced with deflagration or explo- 
sio7i, more or less violent. With potassium cyanide, on platinum foil, the defiagration 
is especially vivid. In this reaction free nitrogen is evolved, as by equation /, 718. 

Strongly heated with excess of potassium hydrate and sugar or other carbonaceous 
compound, in a dry mixture, nitrates are reduced to ammonia, which is evolved, and 
may be detected. In this carbonaceous mixture, the nitrogen of nitrates reacts with 
alkalies, like the unoxidized nitrogen in carbonaceous compounds (compare 705, 718 g, 
and 726). 

731. Free Nitrio Acid may be distinguished from nitrates, by giving the hrown 
liquid with ferrous salt, on reduction by zinc, without addition of sulphuric acid, as 
stated in 725, and by coloring quill-cuttings or white woollen fabrics yellow when the 
solution is evaporated with them on the water-bath. The yellow color substance contains 
xanthoproteic acid, and is formed by action of nitric acid upon any gelatinoid substance 
— as the skin — and upon ordinary albumenoid substances. 

732. Nitrates are all soluble, a. They are formed by the action of nitric 
acid upon metals, as described in 733. b. By dissolving the oxides, hydrox-. 
ides, or carbonates of the metals in nitric acid. Mercurous, stannous, 
manganous, and ferrous nitrates should not be evaporated to expel excess 
of nitric acid, since a higher metallic form would result. The crystals may 
be washed in cold water, to free them from the uncombined acid. All 
nitrates are decomposed by heat ; a few, the alkalies and alkaline earths, 
first evolve oxygen and form nitrites, afterward a mixture of oxygen and 
nitrogen, leaving tlie oxides ; others either free nitric acid or a mixture of 
tlie oxides of nitrogen, until only the oxide of the metal remains. There 
nro two exceptions, silver and mercury, in which cases only the free metals 
rem Ml n. 
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733. Of course nitric acid ciin never act as a reducing agent. Acting a» 
an oxidiziug agent, it may form NH„ N, N^O, NO, N^O,, or N,0^. 

If the nitric acid is in excess, and a boiling heat be used, the product i* 
nearly all NO, while excess of the reducing agent and a low temperature 
favor the formation of NH,. 

A convenient test for NO is made by passing the gas into ferrous 
sulphate. (See 718 and Acworth and Annstrong, Jour, Chem. Society, 
32, 54.) 

The action upon "Bfip^ and HCNS has been given (659, 702). 

HjPOg b. Becomes phosphoric acid. 

H,S c. Forms sulphur, and may be further oxidized to sulphuric acid* 

The nitric acid must be stronger than sp. gr. 1.18 [Omelitt^ 
Kraut, Handbucliy 1 2, 219]. 

HgSO, d. Becomes sulphuric acid. 

HCl e. Forms nitrohydrochloric acid. 

HCIO3 /. Nitric acid added to a chlorate liberates chloric acid, which de- 
composes, but the nitric is not changed \^Peuny, Jour. PraJct^ 
Chem., 23, 296]. 

HBr g. Gives free bromine. 

I h. Forms iodic acid; action slow, and strong nitric acid should be used — 

at least sp. ^r. 1.42. This is a practical method for making" 
iodic acid, if acid of sp gr. 1.48 is used [^Bousson, Comptes 
Rendus Academie des ScienceSy 13, 1111]. 

HI z. Forms first free iodine, then iodic acid. 

HCNS j. Forms hydrocyanic and sulphuric acids. 

With strong nitric acid, traces of carbonic acid are formed [Vogely. 
Omeliii's Hand-hook, 8, 75]. 

H^Pe(CN)g k. Forms ferricyanic acid \^W^atts^ Dictionary, 2, 250], and. 

then nitroferricyanic acid. 

H^Pea(CN)j3 /. Forms nitroferricyanic acid. 

m. Nitric acid oxidizes all ordinary metals. (It does not act upon gold 
or platinum.) It forms nitrates, except in the case of tin, 
antimony, and arsenic, witli which it forms H^^Sn^Oj^, Sb^O^, 
and HjAsO^. 
With tlie i-espective metals it forms Hg' or Hg", Sn" or Sn"", As"' 
or AflV , Sb'" or Sb^ , Pe" or Pe'", according to the amount of 
nitric acid employed. 
With copper it forms cnpric nitrate (never cuprous); with cobalt it 
forms cobaltous nitrate. 

PbjO^ n. Becomes plumbic nitrate and PbO,. The nitric acid is not re- 
duced. 

Hg' 0. Becomes Hg". 

SnO p. Becomes Sn(^. (Not stannic nitrate.) 
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H3A8O, q Becomes H,AsO^. 
SbjO, r. Becomes Sb,0^. 
Cu' 5. Becomes Cu". 

t MnO, NiO, CoO, Cr,0, are not oxidized. 
Fe" u. Becomes Fe'". 



OXYGEN. O = 15. 9633. 

734. The vapor density (H = 1), 16, shows that the molecule of oxygen 
has two atoms. 

Oocurrenoe. — The rocks, clay, and sand constituting the main part of 
the earth's crust contain from 44 to 48 per cent, of oxygen ; and as water 
contains 88.87 per cent., it has been estimated that one-half of the crust is 
oxygen. Except in atmospheric air, it is always found combined. 

Preparation. — (1) By igniting HgO. (2) By heating KCIO, to 350° 
C, KCIO^ is produced and oxygen is evolved; at a higher temperature 
the KCIO^ becoming KCl. But in presence of MnO, the chlorate is com- 
pletely changed to KCl at 200° C, without forming KCIO^, the MnO, not 
being changed. Spongy platinum may be substituted for MnO,. (3) Ac- 
tion of heat on similar salts furnishes oxygen — e.g., KCIO and KCIO, form- 
ing KCl, KBrOj forming KBr, KIO3 and KIO, forming KI, KNO, forming 
KNO, (at a white heat forming K,0, NO, and O). (4) By action of heat 
on metallic oxides, as shown in the equations below. (5) BaO, heated in 
the air to 550° C, becomes BaO„ and at 800" C. is resolved into BaO and 
free oxygen, making theoretically a cheap process. (6) By heating higher 
oxides or their salts with H,SO, : Cr^^ is changed to (CrJ^i, (CoJ^^ to Co", 
(Nijvi to TSi", Bi^ to Bi'", Fe^i to (FeJ% Pb^^ to Pb", Mn" + '^ to Mn" ; in 
each case a sulphate is formed and oxygen given off. (7) By passing sul- 
phuric acid over red hot bricks ; the SO, is separated by water, and after 
conversion into H,SO^ is used over again. (8) The following cheap process 
is now employed on a large scale. Steam is passed over sodium manganate 
at a dull red heat; Mn,0, and oxygen are formed. Then, without change of 
apparatus or temperature, air instead of steam is passed over the mixture 
of Mn,0, and NaOH. The Mn,0, is thus again oxidized to I9'a,MnO^, and 
free nitrogen is liberated. 

1. 2HgO (at 500° C ) = 2Hg -f Oa 

2. a. 2KC10, (at 350° C.) = KCIO4 + KOI + O, 

b. 2KOIO3 (at red heat) = 2KC1 + 30a 

c 2KC10s -f nMnOa (at 200° C.) = nMnO, + 2K01 + 30» 

3. a. KCIO3 + ignition = KCl + O2 

h, 2KBrO, 4- ** = 2KBr -+- 30, 

c. 2KIO3 + " = 2KI H- 80, 

d. KIO4 + " = KI + 20a 

e. 2KNO, + *• = 2KNOa + Oa 
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r 

/. 42NO3 (white heat) - 2KaO + 4NO + Ot 
4. a. 2Pb,04 ** = 6PbO + Oa . 

h. SSbaOs (red heat) = 2Sba04 + Oa 

C. BiaOft •* = BiaOa 4- Oa 

d. 40r08 (about 200" C ) =: 20ra03 + 30a 

e. 4KaOraOT (red heat) = 20r203 + 4HaOr04 H- 80« 
/. 6FeaOs (white heat) = 4Fe304 + Oa 

g, SMnOa ** = MnsO* + Oa 

h, eCoaO, (dull red heat) = 4C08O4 + Oa 
*. 2NiaOa ** ** = 4NiO + Oa 

y. 2AgaO (300° C.) = 4Ag + Oa • 

6. 2BaOa (800" C.) = 2BaO + Oa 

6. 2KaOra07 4- 8HaS04 = 2KaCra(S04)4 + 30a + 8HaO 
2KaMDa08 4- 6HaS04 = 2KaS04 + 4MnS04 + 50a 4- 6HaO 
2Pb,04 H- 6HaS04 = GPbSO* + 6HaO 4- Oa 

7. 2HaS04 (upon red hot bricks) = 2SOa 4- 2HaO 4- Oa 

8. 4NaaMn04 4- 4HaO (dull red heat) = 8NaOH 4- 2nina08 4- 80t 
8NaOH 4- 2Mna08 4- air. 3(Oa + 4Na) = 4NaaMn04 4- 4HaO 4- 12Na 

735. Properties. — By pressure and cold it is condensed to a colorless 
liquid. This liquid boils under ordinary atmospheric pressure at -184° C; 
and under a pressure of 50 atmospheres at -113° C. (Wroblewski, 1884, 
Compt. Rend. 98, 982). Pure oxygen may be breathed for a short time ^ 
without injury. A rabbit placed in pure oxygen at 24° C. (75° F.) lived 
for three weeks, eating voraciously all the time, but nevertheless becoming 
thin. The action of oxygen at 7.2° C. (45° F.) is to produce narcotism and 
eventually death. When oxygen is cooled by a freezing mixture, it induces 
so intense a narcotism that operations may be performed under its influ- 
ence. Compressed oxygen is ** the most fearful poison known." The pure 
gas at a pressure of 3.5 atmos})heres, or air at a pressure of 22 atmospheres, 
produces violent convulsions, simuladng those of strychnia poisoning, ulti- 
mately causing death. The arterial blood in these cases is found to contain 
about twice the quantity of its normal oxygen. Further, compressed oxy- 
gen stops fermentation, and permanently destroys the power of yeast (Paul 
Bert). 

At varying temperatures oxygen combines directly with all metals ex- 
cept silver, gold, and platinum, and with these it may be made to combine 
by precipitation. It combines with all non-metals except fluorine ; the 
combination occurring directly, at high temperatures, except with CI, Br, 
and I, which require the intervention of a third body. 



OZONE. 03(?). 

736. Ozone is the name of a modified form of oxygen, of the true na- 
ture of which there is still some doubt, as it has never been obtained free 
from ordinary oxygen. It is found in small quantities in the air, especially 



Hydrogen Peroxide. 211 

at the sea-shore and in the open country. It is nev^r found in the atmos- 
phere of crowded cities. 

Production — (1) By the action of electricity on moist oxygen or air, 
better at a low temperature. (2) By the electrolysis of dilute sulphuric 
acid. (3) By the combustion of phosphorus in moist air. (4) Formed 
during the evaporation of water. 

Properties. — When inhaled in small quantities, supposed to be health- 
ful. In larger quantities irritates tlie eyes and'nolb.'^ Has proved fatal to 
animals that have been made to breathe it. Condenses to a liquid at a 
higher temperature tlian ordinary oxygen. Theory represents the mole- 
cule as having three atoms, O3, ordinary oxygen two atoms, O,. When 
heated to 300° C. it is decomposed, forming ordinary oxygen, with an in- 
crease in volume ; perhaps thus, 2O3 = SO,. It liberates iodine from KI, 
probably thus, 2KI + H^ -f O, = 2E:oH + I^ + O,. It is an energetic 
oxidizing agent, oxidizing where ordinary oxygen does not. 

HYDROGEN PEROXIDE. H,0,. 

737. This remarkable substance is usually made by treating th6 peroxide 
<A the alkalies or alkaline earths with dilute acids. Either the oxyacids or 
hydracids will answer ; even carbonic will complete the result. It is gene- 
rally manufactured by treating BaO, with CO,, HCl, Hj,SO^, orHPl ; on a 
large scale the latter is more frequently used. 

BaOa + CDs .+ H3O = BaCOa + HaOa 

BaOa + 2HF = BaFa + HaOa 
Properties. — The pure anhydrous H^O, is a transparent, colorless 
liquid, sp. gr. 1.4. Does not freeze at -30° C. Volatilizes slowly in a va- 
cuum without decomposition, if the temperature is not allowed to rise above 
15° C, otherwise explosion occurs. Does not redden but slowly bleaches 
litmus paper. Bleaches most organic colors, but more slowly than 01 or 
ISO,. It is odorless, and tastes bitter. The concentrated Hj,0„ placed upon 
the skin, soon produces a blister. It decomposes slowly, at a low tempera- 
ture, rapidly at a high temperature, into oxygen and water. The dilute so- 
lution in water is more stable. It is soluble in ether, making solution more 
stable than in water. It may be removed from the aqueous solution by 
shaking with ether. The acidified aqueous solution is more stable than the 
neutral or the alkaline. The best test for H^O, is to add K^Cr^O^ and a 
little dilute H^SO^. The chromium is oxidized to perchromic acid, 
HgCr^Og ; on adding ether and shaking, it is all absorbed by the ether, and, 
rising to the surface, is recognized by its intense blue color. Perchromic 
acid is instable in water, decomposing into oxygen and chromic salt. Its 
ethereal solution is permanent. 

KaCraOr + BaSOi + HaOa = KaS04 + HaO + HaOtaOg 

HaOr30» -f 3H3SP4 = Ora(S04)s + 4Ha6 + 20a 
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It generally oxidizes. Thus it changes Pb" to Pb^, (Hg,)" to Hg", Sn" to 
Sn^, As" to As^ , Bi'" to Bi^ , H,PO, to H,PO„ H,S to % H,SO, to H,SO^ 
HI to I^ etc. 

HtOa + 2KI = 2KOH + Is 
HsAbOs + HaOs = H>A804 + HsO 
H,PO, + 2H,Oa = H,P04 4- 2H,0 

Yet it sometimes strangely acts as a reducing agent ; and when it does 
so, ordinary oxygen is evolved from both substances. It reduces K,Mii,Og 
to a manganous salt in acid mixture ; but in alkaline mixture to llinO^. 
It reduces gold, silver, and platinum from their oxides. 

KsBlnaOs + 8HaS04 + SHaOa = K3SO4 + 2BflnS04 + 8H3O + 50« 

Ag.O -+- HaOa = 2Ag + HaO + Oa 

It is estimated volumetrically by measuring the oxygen evolved on adding 
K.Mn,0,. 

Uses — It has been used in medicine, externally as a lotion, and inter- 
nally for diabetes and oxaluria. It constitutes the golden hair-dye of the 
shops, the dyeing being really a bleaching (oxidizing) action. It is also 
used for bleaching and cleaning oil paintings and stained engravings (con- 
verting PbS into PbSOj. 

FLUORINE. P = 18. 984. 

738. Since Davy's experiments in 1813, many others have attempted the 
isolation of fluorine. In his zeal the unfortunate Louyet fell a victim to 
the poisonous fumes which he inlialed. Faraday, Gore, Fremy, and others 
took up the problem in succession, but it was not ultimately solved until 
H. Moissan, in 1886, produced a gas which the chemical section of the 
French Academy of Sciences decided to be fluorine. Many ingenious ex- 
periments had been made in order to obtain fluorine in a separate state, but 
it was found that it invariably combined with some portion of the material 
of the vessel in which the operation was conducted. The most successful 
of the early attempts to isolate flnoriiie appears to liave been made, at the 
suggestion of Davy, in a vessel of fluor-spar itself, which could not, of 
course, be supposed to be in any way affected by it. Moissan's method was 
as follows : The hydrofluoric acid having been very carefully obtained pure, 
a little potassium hydrofluoride was dissolved in it to improve its conduct- 
ing power, and it was subjected to the action of the electric current in a 
U-tube of platinum, down the limbs of which the electrodes were inserted ; 
the negative electrode was a rod of platinum, and the positive was made of 
an alloy of platinum with 10 per cent, of iridium. The U-tube was pro- 
vided with stoppers of fluor-spar, and platinum delivery tubes for the gas- 
es, and was cooled to -23° C. The gaseous fluorine, which was extricated 
at the positive electrode, was colorless, and possessed the properties of chlo- 
rine, but much more strongly marked. It decomposed water immediately. 
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seizing upon its hydrogen, and liberating oxygen in the ozonized condition ; 
it exploded with hydrogen, even in the dark, and combined, with combus- 
tion, with most metals and non-metals, even with boron and silicon in their 
crystallized modifications. As, Sb, S, I, alcohol, ether, benzene, tereben- 
tliene, and petroleum took fire in the gas. Carbon was not attacked by it. 
(H. MoissAN, 1886 ; CompL Rend.y 103, 202, and 256 ; Jour, Chem. Soc, 
60, 849, and 976.) 

« 
739. Fluorine, in several characteristics, appears as the first member of the Chlorine 

Series of Elements. It cannot be preserved in the elemental state, as if- combines with 
the materials of vessels (except fluor-spar), and instantly decomposes water, forming 
hydrofluoric acid, HP, an acid prepared by acting on calcium fluoride with sulphuric 
acid (a). Fluorine also combines with silicon as SiF4. silicon fltcoride, a gaseous com- 
pound, prepared by acting on calcium fluoride and silicic anhydride with sulphuric acid 
{b). On passing silicon fluoride into water, a part of it is transposed with the water, 
forming silicic acid and hydrofluoric acid (c); but this hydrofluoric acid does not at all 
remain free, but combines with the other part of the fluoride of silicon, as hydroJluosUicic 
{icid, (HF)aSiF4, or HaSiFs (d). This acid is used as a reagent ; forming metallic sihco- 
fluorides, soluble and insoluble (742). 

a. OaFa + HaS04 = OaSO* + 2HF 

b. 20aPa + SiO, + 2H,S04 = 20aS04 + 2H2O + SIP* 

c. SiF4 + 2HsO = SiOa + 4HP (not remaining free) 

d. 2HP + SiP4 = HaSlP. 
c and d. 8SiF4 + 2HaO = SiO, + 2HaSiP<i 
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740. A colorless, intensely corrosive gas, soluble in water to a liquid that reddens 
litmus, rapidly corrodes glass, porcelain, and the metals, except platinum and gold (lead 
but slightly). Both the solution and its vapor act on the flesh as an insidious and viru- 
lent caustic, giving little warning, and causing obstinate ulcers. The anhydrous acid 
at 25° C. (77° F.) has a vapor density (H = 1) of 20, indicating that the molecule at this 
temperature is HaPa. But at 100° C. it is only 10, indicating that at that temperature 
the molecule is HP. The anhydrous liquid acid boils at 19.44° C. (Goee, 1869), and does 

not solidify at -34.5° C. 

The Pluorides of the alkali metals are freely soluble in water, the solutions alka- 
line to litmus and slightly corrosive to glass; the fluorides of the alkaline earth metals 
are insoluble in water; of copper, lead, zinc, and ferricum, sparingly soluble ; of silver 
and mercury readily soluble. Fluorides are identified by the action of the acid upon 

glass. 

Calcium chloride solution forms, in solution of fluorides or of hydrofluoric acid, a 
gelatinous and transparent precipitate of calcium fluoride, OaPa, slightly soluble in cold 
hydrochloric or nitric acid and in ammonium chloride solution. Barium chloride pre- 
cipitates, from free hydrofluoric acid less perfectly than from fluorides, the voluminous, 
white, barium fluoride, BaPa. Silver nitrate gives no precipitate. 

Sulphuric acid transposes with fluorides, forming Jiydrofluoric acid, HP (739 a). 
The gas is distinguished from other substances by efching hard ^Za««— previously pre- 
pared by coating imperviously with (melted) wax, and writing through the coat. The 
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operation may be conducted in a small leaden tray, or cup formed of sheet lead ; the pul- 
verized fluoride being mixed witli sulphuric acid to the consistence of paste. 

741. If tiie fluoride be mixed with Bilicio acid, we have, instead of hydrofluoric acid, 
silicon fluoride, SiFi (739 6); a gas which dot-^ not attack glass, but when passed into 
water produces hydrofluosilicic acid, HaSiFe (739 c, d) (742).* 

Also, heiEited with acid sulphate of potas&>ium, in the dry way, fluorides disengage 
hydrofluoric acid. If this operation be performed in a small test-tube, the surface of the 
glass above the material is corroded and roughened : 

OaFa + 2EHSO4 = OaS04 + KaS04 + 2HF 

By heating a mixture of borax, acid sulphate of potassium, and a fluoride, fused to a 
bead on the loop of platinum wire, in the clear flame of the Bunsen gas-lamp, an evanes- 
cent yellowish-green color is imparted to the flame. 

742. HYDROFLUOSILIOIO AOID, (HF),SiF«, or HaSiFe, prepared as directed 
in the note to 741, forms metallic silicofltiorides, mostly soluble in water; those of barium^ 
sodium, and potassium, being only slightly soluble in water, and made quite insoluble by 
addition of alcohol. The silicofluorides are precipitated translucent and gelatinous. 
With concentrated sulphuric acid, they disengage hydrofluoric acid, HF. By heat, they 
are resolved into fluorides and silicon fluoride : as, BaFa -\- BiPi, 
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743. Ooourrence. — It is never found in nature in a free state, but al- 
ways combined with oxygen in the form of silicon dioxide, SiO,, as quartz, 
opal, flint, sand, etc. All geological formations except chalk contain sili- 
con, as the dioxide or as a silicate. 

Preparation and Properties. — There are three modifications of silicon. 
(1) Amorphous silicon, made by fusing K^SiP, with K, or SiCl^ with Na. 

KaSiFe + 4E = 6EF + Si 
SiOl4 + 4Na = 4NaCl + Si 
It is a dark-brown powder, sp. gr. 2.0. Non- volatile and infusible ; burns 
in the air, forming SiO, ; and in chlorine, forming SiCl^. Not attacked by 
acids, except HP ; but dissolved by KOH. 

Si + 6HF = H,SiF« + 2H3 

Si + 4EOH = K4Si04 + 2H3 
(2) Graphoidal silicon is made by fusing the amorphous with Al, and 
then dissolving the Al with HCl. It fuses in, but is not oxidized by, oxy- 
gen ; HP has no action on it ; but is dissolved in a mixture of HP and 
HNO3, H^SiPg being produced. Fused KOH acts slowly upon it. (3) 

*J5ryc?7r>/?i«wi/icicact€? is directed to be prepared by taking one part each of fine sand and finely-pow- 
dered fluor-spar, with six to eight parts of concentrated sulphuric acid, in a small stoneware bottle or a glass 
flask, provided with a wide delivery-tube, dipping into a little mercury in a small porcelain capsule, which is 
set in a large beaker containing six or eight parts of water. The stoneware bpttle or flask is set in a small 
sand-bath, with the sand piled about it, as high as the material, and gently heated from a lamp. Bach bab- 
ble of gas decomposes with deposition of gelatinous silicic hydrate. When the water is fllled with this de- 
posit, it may be separated by straining through cloth and again treating with the gas for greater concentra- 
tion. The strained liquid is finally filtered and preserved for use. 
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Adamantine silicon is formed by fusing the graphoidal. It looks like 
hematite, and is oxidized with greater difficulty than the other modifications. 

744. Silicic Anhydride, or silica, Si""©,, is a stable, non- volatile, infusi- 
ble solid ; insoluble in water or acids, soluble in fixed alkali hydrate solu-^ 
tions, by formation of silicates. These are formed as normal salts, qua- 
dribasic ; metasalts, dibasic ; and in many other proportions of base and 
acid. 

SiO, + 4KOH = K4Si04 + 2HaO 

745. Of the Silicates, only those of potassium and sodium are soluble in 
water. The solutions of alkali silicates somewhat resemble, in the uatui'e 
of their union, the alkaline solutions of zinc, aluminium, and lead. These 
silicates in solution are decomposed by all acids, including carbonic, with 
separation of silicic acid, H^SiO^, gelatinous. Silicic acid is soluble, silicic 
anhydride ins:)luble, in the mineral acids. Some of the insoluble silicates 
are also dissolved by sulphuric and by hydrochloric acid, with separation of 
gelatinous silicic aci<l. Other silicates are dissolved by these acids, when 
heated in closed tubes at about 200° C. Soluble silicates precipitate, from 
salts of non-alkali metal>^, silicates insoluble in water, but mostly soluble in 
acids. 

Silicates are determined^ qualitatively or quantitatively, by the separa- 
tion of the anhvdride, 746. 

746. Silicic acid is obtained as H^SiO,, H^SiO^, and other hydrates of 
SiO^. It is decomposed by evaporation to drynes?, with a residue of silica, 
insoluble in acids. — Hence, when an alkali silicate is acidulated (with hydro- 
chloric or nitric acid), and evaporated strictly to dryiiess on the water-bath, 
and again treated with water and the same acid, the silica is left behind in- 
soluble. Til is behavior is characteristic for silicic acid, and serves for its 
separation as well as detection. 

The formation of the alkali silicate, fi'om silica or an insoluble silicate, 
as the first step in this operation, is generally obtained in the dry way, by 
fusion with three or four parts of mixed carbonates of sodium and potas- 
sium in a porcelain crucible. (These carbonates, mixed in about molecular 
proportions, fuse at a much lower temperature than either alone.) — Also, 
the soluble silicates may be formed by boiling with solution of potassium or 
sodium hydroxide, as stated in 744 ; the operation being performed in a 
silver or platinum vessel. Silica dissolves, with more or less readiness, in 
boiling solution of potassium or sodium carbonate. 

Silica is not soluble in ammonium hydroxide, and the salts of ammo- 
nium separate gelatinous silica from solutions of potassium or sodium sili- 
cate. Therefore, in operating with these solutions, silica is precipitated 
with the bases of the third group : 

K4Si04 H- 4NH4OI + 4HaO = H4Si04 + 4K01 + 4NH«OH 

747. In the fused bead of microcosmic salt, particles of silica swim un- 
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dissolved. If a silicate be takeii^ its base will^ in most cases^ be dissolved 
out, leaving a ^^ skeleton of silica'' undissolved in the liquid bead. — But 
with a bead of sodium carbonate, silica (and most silicates) fuse to a clear 
glass of silicate. 

For the reactions of silica witli fluorides, see 739. 

748. Silica is separated from the fixed alkalies in natural silicates, by mixing the 
latter in fine powder with three parts of precipitated calcium carbonate, and one-half 
part of ammonium chloride, and heating in a platinum crucible to redness for half an 
hour, avoiding too high a heat. On digesting in hot water, the solution contains all the 
alkali metals, as chlorides, with calcium chloride and hydrate. [J. Lawbencb Smith.] 

PHOSPHORUS. P = 30. 958. 

749. Specific gravity of the solid, 1.814 ; of the liquid, 1.7555 (Damien, 
1881); of the red, 2.34 (Troost, 1875). Vapor density (H = l), 62, indi- 
cating that its molecule is P^. Yellow phosphorus melts at 44.4° 0. (112° 
F.), and boils at 287.3° C. (549° F.) (Pisati, 1875). Under pressure of 26.2 
atmospheres boils at 511° C. (952° F.) (Troost, 1873). Ked phosphorus 
melts at 255° C. (491° F.) (Odlin^g). 

Occurrence. — It is never found free in nature. It is found in the 
primitive rocks as calcium phosphate, occasionally as aluminium, iron, or 
lead pliosphate, etc. Plants extract it from the soil, and animals from the 
plants. Hence traces of it are found in neai-ly all animal and vegetable 
tissues ; more abundantly in the seeds of plants and in the bones of 
animals. 

Preparation. — (1) From bones. They are first burned, which leaves a 
residue, consisting chiefly of Ca,(POj, ; then H^SO^ is added, producing 
soluble calcium tetrahydrogen diphosphate (a). After filtering from the 
insoluble calcium sulphute it is ignited, leaving calcium metaphosphate (b). 
Then fused with charcoal, reducing two-thirds of the phospliorus to the 
free state (c). The admixture of sand, SiO^, with the charcoal is preferred, 
in which case tlie whole of the phosphorus is reduced (d). Hydrochloric 
acid passed over red Ijot calcium phosphate and charcoal reduces the whole 
of the phosphorus. This process works well in the laboratory, and has also 
been successfully employed on a larger scale. Either of the calcium phos- 
phates may be used (e) and (/). 

a. OaaCPOOa 4- SHaSO* = 20aS04 + OaH4(P04)a 

b. CaH4(P04)3 4- ignition = Oa(PO,)a 4- 2HaO 

c. 30a(P08)a 4- lOO = Oa8(P04)a 4- lOOO 4- P4 

d. 20a(P0,)a 4- 100 + 2SiOa = 20aSi03 4- P4 4- lOOO 

6. 20a3(P04)a 4- 160 4- 12H01 = 60a01a + P4 4- 1600 4- 6Ha 
/. 20a(P08)a + 120 + 4H01 = 20a01a + P4 + 1200 + 2Ha 

750. Properties of Yellow or Ordinary Phosphorus. — It has a trans- 
parent, slightly yellowish color, but turns white at the surface after some 
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time. Its odor^ sometimes described as garlic^ which it scarcely resembles, 
is well known. It is very poisonous ; one-half a grain has proved fatal. 
When inhaled in small quantities, as in match-making, it causes toothache, 
followed by decay of the teeth ; later aching of tlie jaw, followed by decay of 
the jaw. A trace of it dissolves in water. Alcohol dissolves 0.4, ether 0.9, 
olive oil 1.0, and turpentine 2.5 per cent, of it, while carbon disulphide 
dissolves 10 to 15 times its own weight. It oxidizes in the air at high tem- 
peratures to HjPO^ ; at lower temperatures, or with an insufficient supply 
of air, to H3PO3. 

Phosphorus is luminous in tlie dark. This luminosity is the result of 
slow combustion. It. is not luminous at 0° C. Its luminosity increases 
with the temperature, and if exposed freely to the air the heat of combus- 
tion raises its temperature, until at 44° C. it bursts into flame. It is best 
preserved under water. In a fine state of division, such as is produced by 
its evaporation from the carbon disulphide solution, it takes fire at once at 
temperatures in which the compact phosphorus can be kept for days. 

Boiled with alkali or alkaline earth hydroxides, it forms a hypophos- 
phite and phosphorus hydride, PH3. Phosphorus is largely used in match- 
making. Yellow phosphorus is used in the ordinary match, and the red 
(amorphous) in the safety matches, the phosphorus being on a separate sur- 
face. Phosphorus is usually estimated as a phosphate after oxidation with 
HNO,. 

751. Oxidation. — In presence of water, CI, Br, and I form HCfl, HBr, 
HI, and HjPO^. Chloric, bromic, and iodic acids give the same products. 
When dry, finely-divided phosphorus is mixed with substances which readily 
part with oxygen, such as potassic chlorate or metallic peroxides ; very 
slight friction is sufficient to cause the explosive oxidation of the phos- 
phorus. When sodic carbonate is heated to redness Avith phosphorus, the 
carbonic anhydride is reduced and carbon is set free. Owing to its affinity 
for oxygen, phosphorus acts as a powerful reducing agent. Platinum, 
gold, silver, and copper are deposited in a metallic state when white phos- 
phorus is left in contact with the solution of their salts. 

752. Red or Amorphous Phosphorus. — When ordinary phosphorus is 
heated for 40 hours at '^0° C. to 250° C, the red variety is formed ; but if 
the heat is allowed to rise above 260° C. it is again changed to ordinary 
phosphorus ; but under pressure ordinary phosphorus heated to 300° C. is 
immediately and completely changed to the red. If finely divided it has 
a scarlet-red color ; in larger particles it has a dull or brownish -red color. 
It is odorless, tasteless, non-poisonous, and non-luminous in the dark. 

It is insoluble in water, ether, or carbon disulphide. It requires no 
special precaution for its preservation ; does not (if free from traces of the 
other variety) oxidize in the air, and does not ignite until heated to 240° 
C. (464° F.) HNO3, 01, Br, and I act as upon the ordinary phosphorus. 



218 Phosphorus Hydride — Hypophosphorous Acid. 

but more slowly. A black variety of i)hoRphorus is formed by suddenly 
cooling the melted ordinary phosphorus to 0° C. Tliis aud the white 
opaque crust which forms on ordinary phosphorus have not been much 
studied. 

PHOSPHORUS HYDRIDE. PH.. 

Oxidation valence 'B~"'TS.\ 

H 

Structural valence H-P-H 



Vapor density, 17, indicating that the molecule is -.^-a- 

753. Preparation. — (1) By boiling pliosphorus in an alkali or an alkaline 
earth. (2) By ignition of HjPO^ or H3PO3. (3) By ignition of hypophos- 
phite of the alkalies or alkaline earths. (4) By action of calcium or mag- 
nesium phosphide on water or HCl. 

1. 3EOH + P4 + 3H3O = SEHaPOa + PH, 

3. 2HaPOa = H8PO4 + PH, 

4H8P08 = 3H3PO4 + PHs 

3. 4NaHaP03 = Na4P307 + 2PH8 + HsO 

4. CasPa + 6H3O = 30a(0H)a + 2PH, 
Ca,Pa + 6H01 = 30a01a + 2PH, 

Properties. — A colorless gas having a very disagreeable odor. It is lique* 
fied by pressure and cold. As usually prepared, it is spontaneously inflam- 
mable. It is a strong reducing agent ; transposes miiny metallic solutions — 
e.^., CuSO^. It reduces solutions of gold and silver to the metallic state. It 
burns in the air, forming water and metaphosphoric acid. It is oxidized by 
hot HjSOj, HgSO^, chlorine-water, hypochlorites, N,0, NO, HNO^H.AsO^, 

etc. 

3CaS04 + 2PH8 = CusPa + 3H3SO4 

8AffN08 + PHs + 4HaO = H,P04 + 8HNO3 + 8Ag 

2PHs 4- 4O2 (ignition in the air) = 2HPOs + 2HaO 

A liquid phosphorus hydride, P^H^, and a solid, P^H^, are known, 

HYPOPHOSPHOROUS ACID. H3PO,. 

Oxidation valence H'^P'O" '\ 

H* 

Structural valence H-0-P=0 

I 
H 

754. The anhydride, P^O, has not been obtained. The acid is formed : 
(1) By transposing lead hypophosphite with H^S ; or the barium salt with 

♦ The etrnctural formala represents the atom of phosphonis as holding three positive bonds (toward 
oxygen^ and two negative bonds (toward hydrogen), so that the sum of its valence is one (P'"-"—'), See 
paragraph 614. 
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H^SO^ added in exactly molecular proportions ; or by treating the calcium 
salt with a like quantity of 'S.fifi^, 

Pb(HaPOa)9 + HaS = PbS 4- 2HsPOa 
Ba(HaPOa)s + HaS04 = BaS04 + 2H,POa 

Properties. — By evaporation in a vacuum the liquid H.PO, is ob- 
tained, which, on cooling to 174° 0., solidifies, (Thompson, 1874). In 
forming salts only one-third of the hydrogen of the acid is displaced — e,g.^ 
sodium hypophosphite is NaH^PO,, not NajPO,. It rapidly oxidizes if ex- 
posed to the air, forming phosphoric acid. Heat decomposes it, forming 
PHj and HjPO^ (or HPO, if at a red heat). On ignition hypophosphites 
leave pyro phosphites, evolving PH,. Hypophosphorous acid may be known 
from phosphorous acid by adding cupric sulphate to the free acid and heat- 
ing the solution to 55° C. (131° F.) With hypophosphorous acid a red- 
dish-black precipitate of copper hydride (CUgH,) is thrown down, whichy 
when heated in the liquid to 100° C. (212° F.), is decomposed with the de- 
position of the metal and the evolution of hydrogen, whilst with phos- 
phorous acid the metal is precipitated and hydrogen evolved, but no Cu^H, i» 
formed. Further, hypopliosphorous acid reduces the permanganates imme- 
diately, but phosphorous acid only after some time. Phosphites precipitate 
barium, strontium, and calcium salts, while hypophosphites do not. When 
hypophosphorous acid is treated with zinc and sulphuric acid it is converted 
into phosphoretted hydrogen. On boiling hypophosphorous acid with ex- 
cess of alkali hydroxide, first a phosphite then a phosphate is formed, with 
evolution of hvdroo^en. 

ml O 

Estimation. — (1) By oxidation with nitric acid and then proceeding as 
with phosphoric acid. (2) By mercuric chloride acidulated with HCl ; the 
temperature must not rise above 60° C, otherwise metallic mercury will be 
formed. The precipitated Hg^Cl,, after washing and drying at 100° C.,. 
is weighed. 

NaHaPOa + 4Hg01a + 2HaO = 2Hga01a -h H,P04 4- NaOl -h 3H01 

755. Production of Hypophosphites. — All ordinary metals form hypo« 
phosphites except tin, copper, and mercurosum. Silver and ferric liypo- 
phosphites are very instable. (1) A few metals, such as zinc and iron, dis- 
solve in H3PO3, giving off hydrogen and forming a hypopliosphite. (2) The 
alkali and alkaline earth salts may be formed by boiling phosphorus with 
the hydroxides. (3) As all hypophosphites are soluble, none can be formed 
by precipitation. All may be formed from their sulphates by transposition 
with barium hypophosphite. (4) All may be made by adding H3PO, to the 
carbonates or hydroxides of the metals. 

756. Oxidation. — In all cases an excess of the oxidizing agent produces 
phosphoric acid or a phosphate. Perhaps the best method of proving that 
H3PO3 is all changed to HgPO^ is that it fails to blacken argentic nitrate* 
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The reduction of mercuric chloride is sometimes preferred, especially if 
hydrochloric acid is present. 

Where the oxidation is not fully complete, first remove any phosphate 
ivhich may be present as an imparity, by addition of magnesium sulphate 
in presence of ammonium chloride and ammonium hydroxide ; then, after 
•oxidation, repeat the process to prove partial oxidation. 

HNO, and HNO, a. Become NO. 

H3SO3 b. Becomes free sulphur. 

HgSO^ c. Becomes first sulphurous acid, then sulphur. 

CI. d. Becomes hydrochloric acid, and phosphoric acid is formed ; with 

alkalies a chloride is formed. 

TLCiO e. Becomes hydrochloric acid. With alkalies a chloride is formed. 

HCIO3 /. Becomes hydrochloric acid. Prove same as above. 

Br g. Forms hydrobromic acid. 

The action takes place also in alkaline mixture, forming a bro- 
mide. 

HBrOj A. Forms hydrobromic acid. 

I i. Forms hydriodic acid ; and in alkaline mixture an iodide. 

HIO3 y. Forms hydriodic acid. 

JB[gPe,(CN)j3 Jc. Forms ferrocyanic acid. In this case the formation of 

the same cannot be proven by addition of ferric chloride, 
because an excess of hypophosphorous acid changes ferric 
chloride to ferrous chloride, which then gives a precipitate 
with ferricyanide of potassium. A good method is to add a 
slight excess of fixed alkali, and then an excess of alcohol 
which will precipitate the ferrocyanide of potassium, which 
may, after washing with alcohol, be dissolved in water and 
tested in the usual way. 

Pb"" h Becomes Pb" both in presence of fixed alkali and acids. 

Ag' m. Becomes Ag° 

Hg' n. Becomes Hg° 

Hg" Becomes Hg° " " '' 

As^ and As" jt?. Become metallic arsenic (in presence of hydrochloric 

acid). 

Bi'" q. Becomes Bi". The action takes place both in presence of alkalies 

and acetic acid. 

du" r. Becomes (Cu,)" or Cu^H^, and, on boiling, metallic copper is formed. 

See 754. 

Mn"-^^ s. In presence of acids gives Mn". (No action in presence of alka- 
lies.) 

Jffn^i t With alkalies gives Mn^^. 
With acids gives Mn". 
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Co''' u. Becomes Co". No action in alkaline mixture. 
Ni'" V. Becomes Ni". " '' 

(Fe,)^ w. Becomes Fe". '* " 

Cr^ X. Becomes Cr'". '' « 



FHOSFHOBOUS ACID. H,FO.. 

Oxidation valence H'.F'"0~", 

9 9 

H 
I 
O O 

Structural valence H-O-F-O-H, or H-O-F-O-H 

H 
757. Phosphorus anhydride, FaO,, is formed by the combustion of 
phosphorus at a low temperature or in a limited supply of air. It is a 
volatile, crystalline solid, inflammable, and having a garlic-like odor. It can- 
not be formed by heating H,FO,, which would produce HjFG^ and FH,. 
Heated iu a sealed tube it decomposes thus : SF^G, = 3F,Oj 4- F^. Phos- 
phorous acid is formed by the action of water upon the anhydride or upon 
the trichloride. 

POl, + 3HaO = H,PO, 4- 3H01 

Two atoms of its hydrogen, rarely only one, are displaced by metals — e,g,, 
KjHFGj, FbHFG,, BaHFO^. It is a strong reducing agent, oxidizing to 
phosphoric acid when exposed to the air. Reduces salts of silver and gold 
to the metallic state. It is changed to phosphoric acid by most of the- 
strong oxidizing acids, and by many of the higher metallic oxides. 



FHGSFHGEIC ACID H.FG, 

Oxidation valence H'.F^ 0-'\ 

O 

I 

Structural valence H-G-F-G-H 

I 
G 

H 

758. Phosphoric anhydride, F,G„ is prepared by burning phosphorus, 
in oxygen c* air It cannot be formed by heating HjFG^, which would form 
volatile metaphosphoric acid, HFG,. It is a white, flaky, deliquescent solid, 
fusible, subliming unchanged at a red heat. It dissolves in water, forming 
three varieties of phosphoric acid : (1) Metaphosphoric acid, HFG,. (2) 
Pyrophosphoric acid, H^F,G,. (3) Orthophosphoric acid, HjFG^. 

759. Metaphosphoric acid, HFO,,* is made by the action of cold water 

♦ For structural formula see Remsen^s Theoretical Chemistry, 3d ed., p. 185. 
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on PjO,, or by the action of a red heat upon HjPO^ or H^P,0^. Also by 
action of H,S on the lead salt, or of H,SO^ on the barium salt. It is 
slowly changed to H^PO^ by boiling with water. 

Metaphosphates are especially distinguished, by the means mentioned 
in 769 and 771. Also, they are not i)iecipitated by solutions of mag- 
nesium salts with ammonium hydroxide, unless very concentrated, or by 
tlie molybdate solution. The silver precipitate, AgPO,, tohite, is soluble in 
alkali metaphosphate solutions, distinction from pyrophosphates. 

Free metaphosphoric acid precipitates solutions of silver nitrate, lead 
nitrate, and lead acetate, the precipitates being insoluble in excess of meta- 
phosphoric acid, and soluble in moderately dilute nitric acid. Barium^ 
calcium, and ferrous chlorides, and magnesium, aluminium, and ferrous sul- 
phates, are not precipitated by free meta[)hosphoric acid. Ferric chloride 
is precipitated, a distinction from ortiiophosphoric acid. See 769. 

There are various polymeric modifications of metaphosphoric acid, distinguished 
from each other chiefly by physical differences of the acids and their salts. Pure meta- 
phosphoric acid is a white, viscid, or waxy solid. (Ordinary glacial phosphoric acid owes 
its hardness to the universal presence of sodium metaphosphate.) 

Fusion with excess of sodium carbonate converts both metaphosphates and pyrophos- 
phates to normal orthophosphate. 

760. Pyrophosphoric acid, H^P^O,,* is formed by heating H,PO^ to 
^15° C, or by the action of H^S on the lead salt and by the action of H^SO^ 
on the barium salt. 

Pyrophosphates are precipitated from their solutions by silver nitrate, 
as silver pyrophosphate, Ag^P^O,, white, soluble in ammonium hydrate and 
in nitric acid. 

The pyrophosphates of the alkaline earth wetals are difficultly soluble in 
acetic acid. The most of the pyrophosphates of the heavy metals, except 
silver, are soluble in solutions of alkali pyrophosphates, as double pyrophos- 
phates soluble in water (distinctions from orthophosphates). 

Ammonium molybdate reacts but slowly with pyrophosphate solutions — 
and not until orthophosphate is formed by digestion tvith the nitric acid of 
the reagent solution. 

Magnesium salts with ammonium hydroxide give a precipitate of 
double pyrophosphate, soluble in alkali pyrophosphate solution. 

Free pyrophosphoric acid gives precipitates with solutions of silver ni- 
trate, lead nitrate or acetate, and ferric chloride; no precipitates with 
barium or calcium chloride, or with magnesium or ferrous sulphate. (Fur- 
ther, see 769.) 

761. Orthophosphoric acid is made : (1) By boiling PjO^, HPO,, or 
'S.^fi^ in water. (2) By boiling phosphorus in dilute nitric acid. (3) 
By the combustion of PH, in moist air. (4) By action of water on PCl^. 

* For structural formula see Jiemsen^s Theoretical ChemisU'y, 8d ed , p. IS". 
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Oithophosphoric aoid, HsPOi, is a translucent, feebly crystallizable, and very deli- 
quescent soft solid ; reduced by heat first to pyrophosphoric acid, then to metaphos- 
phoric acid, which is volatile. 

Orthophosphoric acid is formed from phosphorus by oxidation in water; and from 
metaphosphoric acid or pyrophosphoric acid by digesting with dilute mineral acids, or 
even by long boiling in water, or, as sodium salt, by fusion with excess of sodium car- 
bonate. 

Phosphoric acid is formed from metallic phosphates by transposition with acids in 
cases where a precipitate results, as a lead or barium phosphate with sulphuric acid, or 
silver phosphate with hydrochloric acid. But when the products are all soluble, as cal- 
cium phosphate with acetic acid or sodium phosphate with sulphuric acid, the transposi- 
tion is only partial ; so that unmixed phosphoric acid is not obtained. A non -volatile 
acid, like phosphoric, is not separated from liquid mixtures, as the volatile acids are, like 
hydrochloric. The change represented by equation (a) can be so verified that pure phos- 
phoric acid will be separated, but the changes shown in equations (6) and (c) do not com- 
prise the whole. of the material taken. In the operation (b) some sodium phosphate and 
some nitric acid will be left, and in (c) some trihydrogen phosphate will no doubt be 
made. 

a, OaH4(P04)3 + H20a04 = OaOaOi + 2HsP04 
h, Na3HP04 + 2HNO3 = 2NaN08 + H,P04 
And NaaHP04 + HNOs = NaNO, + NaH3P04 
c. 20aHP04 + 2H01 = OaOla -h OaH4(P04)a 

762. The Orthophosphates, dimetallic and trimetallic, are insoluble in 
water — except tliose of the metals of the ordinary alkalies. They are all, 
however, more or less soluble in aqueous phosphoric acid by formation of 
monometallic salts, as CaH^(POj3, having an acid reaction. Lithium phos- 
phate is nearly insoluble in water. Phosphates are insoluble in alcohol. 

In analysis, the molybdate precipitate (768) is most distinctive. Separa- 
tion by the ferric phosphate precipitate in presence of acetic acid (306) is 
employed. Separation from oxalate, as calcium precipitate, by acetic acid, 
is used in systematic qualitative work (764). Ignition test : see 771. 

763. Soluble salts of all metals, except those of the alkalies, pre- 
cipitate solutions of ordinary phosphates (dimetallic and trimetallic ortho- 
phosphates). 

764. Soluble salts of the alkaline earth metals, with dimetallic alkali 
phosphates, as Na^HPO^, form white precipitates ot phosphates, ttvo-thirds 
metallic^ as CaHPO^ ; with trimetallic alkali phosphates, white precipitates 
of phosphates, normal or fuW metallic, as Caj(POj2. The precipitates are 
soluble in acetic acid, and in the stronsrer acids (761 c). Concerning the 
ammonium magnesium phosphate, see 79. 

765. Solutions of orthophosphates give, with soliAle ferric, chromic, 
and aluminium salts, mostly the normal j^^^osphates, Pe,(POJ,, etc. The 
ferric phosphate is but slightly soluble in acetic acid, and for this reason it 
is made the means of separating phosphoric acid from metals of the earths 
and alkaline earths (306). Solution of sodium. or potassium acetate is 
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added ; and if the reaction is not markedly acid^ it is made so by addition 
of Acetic Acid. Ferric chloride (if not presen:t) is now added, drop by 
drop, avoiding an excess. The precipitate, ferric phosphate^ is brownish- 
white. 

With zinc and manganous salts, the precipitate is dimetallic or normal— 
ZnHFO^, or Zn3(POj, — according to the conditions of precipitation. Man* 
ganic salts give a colored solution, as explained in 252. With salts of 
nickel, a light green normal phosphate is formed ; with cobalt, a reddish 
normal phosphate. 

766. Silver salts precipitate normal silver phosphate, Ag,PO^, light yel- 
low, soluble in acetic and nitric acids and in ammonium liydroxide. The 
color of the silver precipitate distinguishes ortho- from pyro-phosphoric 
acid. Lead salts precipitate mostly Vh^CPO^^, but slightly soluble in acetitf 
acid. Bismuth salts form BiPO^, peculiar in being insoluble in dilute 
nitric acid. Copper forms a bluish-white precipitate, either normal or two- 
thirds metallic. Mercurous salts precipitate mercurous phosphate, Hg,- 
(PO^^^, white. Mercuric nitrate (not the chloride) precipitates mercuria 
phosphate, Hg3(POj3, white. 

767. If a disoJium or dipotassium orthophosphate is added to solution of silver 
nitrate, free acid is formed, and an acid reaction to test-paper is induced (a). But with a. 
trisodiura or tripotassium phosphate, the solution remains neutral (6) — b, meann of dis- 
tinguishing the acid phoftphates from the 7wrmaL 

a SNa^HFO* + GAgNOa = 2Ag,P04 + HaPO* 4- 6NaN08, 
b. Na3P04 -h SAgNOs = AgtPO* + 3NaNQ, ! -f , 

768. Ammonium Molybdate, in its nitric acid solution (604), fur- 
nishes an exceedingly delicate test for phosphoric acid, giving the pale 
yellow precipitate, termed ammoiiium phosphomolyhdate. The molybdate 
should be in excess, therefore it is better to add a little of the solution tested 
(which must be neutral or acid) to the reagent, taking a half to one cub- 
cent, of the latter in a test-tube. For the full delicacy of the test, it should 
be set aside, at 30° to 40° C, for several hours. 

769. Free orthophosphoric acid is not precipitated by ordinary salts of 
third and fourth group metals (in instance of ferric chloride, a distinction 
from ])yrophosphoric acid and metaphosphoric acid),* but is precipitated 
in part by silver nitrate, and lead nitrate and acetate. Ammoniacal solu- 
tion of calcium chloride or of barium chloride precipitates free ortho- 
phosphoric acid. 

* A solntion containing 5 p. c. ferric chloride^ mixed with one-fourtWts volume of a 10 p. c. solution of 
orthopfuogphoric acid, requires that near half of the latter be neutralized (so that phosphate is to phos- 
phoric acid as 1.114 is to 1.000) before precipitation occurs. On the other hand, 4 c. c. of a 5 p. c. solntion of 
ferric chloride, mixed with 1 c. c of a 6 p. c. solution of metaphosphoric acid, form a precipitate, to dissolve • 
which *?0 c. c. of the same metaphosphoric acid solution or 5 c. c. of a 84 p. c. solntion of hydrochloric acid 
are required. Four c. c. of a 5 p. c. solution of silver nitrate with 1 c. c. of a 10 p. c. solution of orth(ypho8» 
phone acid give a precipitate, to dissolve which require.** 7 c. c. of the same orthophosphoric acid solution.. 
[The Author's report of work by Mr. Morgan, Am. Jour. Fhar., xlviii. (1876), 534.] 
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770. Orthophosphoric acid — or an orthophosphate with acetic acid — 
does not coagulate egg albumen or gelatine. Tliis is a distinction of both 
orthophosphoric acid and pyropliosphoric acid from metaphosphoric acid, 

771. IgnitionwithmetalUo magnesium (or sodium) reduces phosphorus from phos- 
phates to magnesium phosphide, PaMgs, recognized by odor of PHs. formed on contact 
of the phosphide with water. A bit of magnesium wire (or of sodium) is covered with 
the previously ignited and powdered substance in a glass tube of thetliickness of a straw» 
and heated. If any combination of phosphoric acid is present, vivid incandescence will 
occur, and a black mass will be left. The latter, crushed and wet with water, gives the 
odor of phosphorus hydride. 

SULPHUR. S = 31. 984. 

772. Specific gravity, 1.95 to 2.05. Melti?ig pointy 114.5° 0. (238° F.) 
(Brodie). Vapor deiisity (H^l) above 800° C. is 32, showing that the 
molecule is S^ ; but at 480° C. it is 96, showing that the molecule at that 
temperature is S^. 

Occurrence. — (1) Found in a free state, and as SO, in volcanic dis- 
tricts. (2) As HjS in some mineral springs. (3) As a sulphide. Iron 
pyrites, PeS, ; copper pyrites, CuPeS^ ; orpiment, As^Sg ; realgar, ASjSg ; 
blende, ZnS ; cinnabar, HgS ; galena, PbS. (4) As a sulphate. Gypsum, 
CaSO, + 2H3O ; heavy spar, BaSO, ; kieserite, MgSO^ + H,0 ; bitter spar 
(epsom salts), MgSO, + 7H,0 ; glanber salt, Na,SO, + lOH.O, etc. 

Preparation. — (1) The native sulphur is separated from the clay and 
rock in which it is embedded, partly by melting and partly by distillation. 
(2) From PeS, by heating in close cylinders 3PeS3 ^PejS^ + S, ; or at a 
higher temperature PeSg = PeS + S. Much of the sulphur contained in 
pyrites is converted into and utilized as sulphuric acid. 

773. Properties. — Sulphur is a solid — in yellow, brittle, friable masses 
(from melting); or in yellowish, gritty ;;oz(;^Zer (from sublimation); or in 
nearly white, slightly cohering, finely crystalline powder (by ])recipitation 
from its compounds). It melts at about 114.5° C. (238° F.); at higher 
temperatures,. it suffers peculiar physical modifications of consistence, etc.; 
and distils at 448.4° C. It is not sensibly volatile at ordinary temperatures, 
but has a slight, characteristic odor. 

In chemical activity, volatility, and other properties, sulphur stands as 
the second member of the Oxygen Series : O, 15.9633 ; S, 31.984 ; Se, 
78.797; Te, 127.96. 

Sulphur is insoluble in water; slightly soluble in alcohol and in ether, 
freely soluble in carbon disulphide; but with physical solvents other than 
water, its different modifications have different solubilities. . 

On being heated it melts at 114 5° 0. to a pale yellow liquid; as the 
tem])erature rises it grows darker and thicker, until at about 180° C. it is 
nearly solid, so that the dish may be inverted without spilling. At 260° 0. 
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it again becomes a liquid as at first ; and at 448.4° C. it boils and is con- 
verted into a brownish-red vapor. If it is slowly cooled, exactly the same 
physical changes take place in the reverse order, becoming thick at 180** 
C. and thin again at 114.5° C, and at lower temperatures solid. If, at a 
temperature near its boiling point, it is poured into cold water, it forms a 
soft, ductile, elastic string, resembling india-rubber. In a few hours this 
ductile sulphur changes back to the ordinary form, the change evolving 
heat. But if poured into water from the other liquid form — that is, at 
114.5° 0. — it forms only ordinary, brittle sulphur. Ordinary and precipi- 
tated sulphur is soluble in CS, ; the ductile variety is insoluble. Fre- 
quently commercial samples are found to contain a definite per cent, of one 
of the insoluble varieties. 

774. Oxidation. — Sulphur, when fused with the following elements, 
combines with them to form sulphides: Pb, Ag, Hg, Sn, As, Sb, Bi, Cu, 
Cd, Zn, Co, H"i, Pe, Sr, Ca, Mg, K, Wa, In, Tl, Pt, Pd, Rh, Ir, Li, Ce, 
Jja, Di. 

Sulphur dissolves readily in hot solutions of hydroxides of potassium, sodium, cal- 
cium, or barium, forming supersuljyhides and thiosulphates (a). These can be separated 
by alcohol, in which the sulphides dissolve. Sulphur is acted upon slowly by active oxi- 
dizing agents, as hot concentrated nitric acid (6), or chlorine generated in presence of 
water (c), with formation of sulphuric acid. Hot concentrated sulphuric acid very 
slowly oxidizes sulphur to sulphurous anhydride, by its own reduction to the same com- 
pound {d) : 

a. 30a(0H)a + 6S2 = 20aS6 + OaSaO. + 3HaO 

h. Sa + 4HN08 = 2HaS04 4- 4NO 

c, Sa 4- 6OI3 -h 8H2O = 2H2SO4 + 12H01 

d. Sa -h 4HaS04 + 2HaO = 6HaSO, 

In the air, at ordinary temperatures, finely divided sulphur is very 
slightly oxidized, by ozone, to sulphuric acid ; at about 260° C. (500° F.) 
it begins to oxidize rapidly to sulphurous auhydride, burning Avith a blue 
flame. 

gvi - n becomes S^ when fused with alkaline carbonate and nitrate or 
chlorate. That is, free sulphur, S°, or any compound containing sulphur 
with less than six bonds, is oxidized to a sulphate if fnsed with an alkaline 
nitrate or chlorate, nitric oxide or a chloride being formed and carbon di- 
oxide escaping. 

HYDROSULPHURIC ACID. H,S. 

Oxidation valence H'^S"" 

Structural valence H-S-H 

775. Vapor density (H = 1), 17. Melting poi7it (freezing point), -85.5® 
C. (-122° F.) (Faraday). Boiling poi^it, -61.8° C. (-79.3° F.) (Rm- 
zs^ault). Becomes a liquid at 10° C. (50° F.) under a pressure of 17 at- 
mospheres. 
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Ooourrenoe. — Found in volcanic gases and in many mineral springs. 
Its presence in spring- water is accounted for by the reduction of sulphates 
to sulphides by organic matter and subsequent liberation of H^S by car- 
bonic acid. 

776. Preparation. — For laboratory use it is prepared by action of dilute 
acids (usually H^SO^) upon ferrous sulphide. The ferrous sulphide is pre- 
pared either by fusion of the iron with the sulphur, or by bringing red hot 
iron rods in contact with sticks of sulphur. The ferrous sulphide melts as 
fast as formed, and is made to drop into a tub of cold water. Dilute H^SO^ 
fihould be used (a). Concentrated H,SO^ has no action on PeS, unless 
heated, and then SO, is evolved (J); and frequently free sulphur is formed 
{if only a little water is present) by the action of the H,S upon the H^SO, 
first formed. Hydrosulphuric acid is slowly formed if hydrogen be passed 
through melted sulphur ; also if sulphur be fused with tallow or paraffine, 
and when organic substances {e.g., eggs) containing sulphur are allowed to 
decay. 

a. FeS + HaS04 = FeS04 + H3S 

h. 2PeS + lOHaSO* = Te^(SO^)z + 9SOa + lOHaO 

777. Properties.— It is a colorless, poisonous gas, having the odor of 
rotten eggs: By pressure and cold it may be condensed, first to a liquid, 
then to a solid. At 0° 0. water dissolves 4.37, and at 15° 0. 2.66, volumes 
of the gas. 

The solution in open vessels vaporizes gas constantly, at ordinary tem- 
peratures, until exhausted ; more rapidly when boiled. Both gas and solu- 
tion feebly redden moist litmus paper ; and have a very strong, character- 
istic odor. (The concentrated gas is a quick poison, by inhalation.) 

Absolute hydrosulphuric acid is combustible in the air — burning with a 
blue flame to sulphurous anhydride and water. 

778. The solubility of the Metallic Sulphides in water, dilute acids, 
hot nitric acid, and in alkali sulphides, is shown in the grouping of the 
bases, and the sub-grouping of the second-group precipitates. 

In analysis, sulphides are known by generation of H,S (779), or sepa- 
ration of S by oxidizing solvents, and by the color test with nitroferricya- 
nide (782). 

779. Snlphnrio acid, dilute, transposes the metallic sulphides ; except 
ihose of arsenic, tin, mercury, silver (and lead), which are decomposed 
ivith difl&culty, or not at all : 

FeS + HaS04 = FeS04 + HaS 
Hie gaseous hydrosulphuric add, when liberated, is recognized by its 
odor, by blackening paper moistened with lead acetate, or with a solution 
of a lead salt with excess of potassium or sodium hydroxide (388 and 
387). In the detection of trnces of the gas, a slip of bibulous paper, so 
moistened, may be inserted into a slit in the smaller end of a cork, which 
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is fitted to the test-tube, wherein the material to be tested is treated with 
sulphuric acid ; tlie tube being set aside in a warm place for several hours. 
A very delicate test is made by conducting the gas into ammoniacal solu- 
tion of nitroferricyanide (782). 

If any oxidizing agents are present — as chromates, ferric salts, manganic 
salts, chlorates, etc. — hydrosulphuric acid is not generated, but iiistead 
sulphur is separated, or sulphates are formed (780). 

The sulphides not transposed with hydrochloric or sulphuric acid, are 
recognized by the separation of sulphur on treatment with nitric aoid, or 
with nitrohydrochloric acid. Also, these sulphides and certain super- 
sulphides, attacked with difficulty by acids, as iron pyrites, and copper py^ 
rites y are reduced and dissolved, with evolution of hydrosulphuric acid, by 
dilute sulphuric acid with zinc. The gas, with its excess of hydrogen, 
may be tested by 782. 

780. Hydrosulphuric acid is a strong reducing agent, and the metallic 
sulphides act in the same capacity with a greater or less degree of force. 
The reactions with oxidizing agents are given at length in 785. 

The hydrogen of H,S takes oxygen readily ; the sulphur more slowly. 
In the oxidation of metallic sulphides, generally, less sulphur is left unoxi- 
dized than occurs in the oxidation of hydrosulphuric acid — owing to the 
stronger tendency to form sulphates, 

781. Solutions of metallic sulphides give precipitates with soluble salts 
of second and third group metals ; hydrogen sulphide, with salts of 
second-group metals only. The precipitates are .ndphides, except with 
chromium and aluminium ; reduction occurring with ferric and arsenic 
salts, which form ferrous and arsenious sulphides. The precipitates have 
strongly marked colors — that of zinc being tvhite ; those of iron, copper, 
and lead, black; arsenic, yellow; antimony, orauge-red ; mercury, succes- 
sively white, yellow, orange, and black. 



782. Solutions of nitroferricyanides (693) give, with soluble metallic sulphides (or 
with hydrosulphuric acid after addition of an alkali, or with free sulphur after digesting^ 
with an alkali), an intense, rich purple color, disappearing after some time. Add a drop 
of the reagent, to a few drops of the solution, on a white porcelain surface. Vapors are 
tested for hydi;osulphuric acid by conducting them into ammoniacal solution of sodium 
nitroferricyanide. (Vapors are tested for ammonia by passing them into solution of 
nitroferricyanide with hydrosulphuric acid.) 

783. By ignition in the air, sulphur gives its characteristic odor of sulphurous anky' 
dride. Many of the sulphides yield more or less sulphurous anhydride ; most of them 
are also, partly or wholly, converted to sulphates. 

When ignited on charcoal with sodium carbonate— or {distinciion from sulphates} 
if ignited in a porcelain crucible with sodium carbonate — soluble sodium sulphides are 
obtained. The production of the sodium sulphide is proved by the black stain of AgaS, 
formed on metallic silver by a moistened portion of the fused mass. (Compounds of 
selenium and tellurium, 612.) 
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784. Formation of Sulphides. — (1) Bj^ fusion of the metals with sul- 
phur, see 774. (2) By action of H,S upon the free metals, hydrogen being 
evolved. With Hg and Ag this occurs at ordinary temperature, but with 
most metals a higher temperature is needed. (3) Action of H^S on me- 
tallic oxides or liydroxides. Those sulphides which are decomposed by 
water {e.g., Al^S,, Cr^Sj) are not formed in its presence, but by action of 
HjS upon the oxide at a red heat. (4) By action of soluble sulphides upon 
metallic solutions. The ordinary sulphides of the first tliree groups are 
formed tluis, except ferric salts, which are pi-ecipitated .as PeS, and alumi- 
nium and chromic salts as hydroxides. (5) By action of CS, upon 'oxides 
at a red heat. (6) By action of free sulphur upon oxides at a red heat. 
(7) By the action of charcoal upon the oxyacids of sulphur at a red heat in 

presence of an alkaline carbonate. 

1. 2Pe + 83 = 2Pe8 

2. 2Ag + H38 = AgaS + Hs 

3. Pb(OH)3 + H38 = Pb8 + 2H3O 
2Pe2(OH)e + 6H3S = 4Pe8 + Sa + I2H3O 

4. 2Pea01e + 6(NH4)2S = 4Pe8 4- Ba + I2NH4OI 

5. 20aO + OSa = 2Ca8 + OOa 

6. 40aO + n?o = 40a8 -h 2SOa 

7. Ka804 + 20 = Ka8 + 2OO2 

2Bia(804)3 + GNaaOOa 4- 150 = 4Bi + 6NaaS + 2100a 
Estimation. — The sulphur in sulphides is oxidized by nitric acid, or 
chlorine, or by fusion with sodium carbonate and nitrate, and, after precipi- 
tation with barium chloride, weighed as barium sulphate. 

785. Oxidation. — a. Free sulphur liberated from hydrosulphuric acid 
may sometimes be recognized simply by its appearance. But when white 
precipitates are formed at the same time, the whole should be allowed to 
settle, then the sulphur dissolved in carbon disulphide, and again sepa- 
rated by evaporation, or precipitated from the carbon disulphide, Bolution 
by addition of alcohol, and then further tested by 773. 

For action upon HNO, and HITO3, see 713 and 733. 

H,SO, h. Forms water and sulphur [Watts* Dictionary, 3, 203]. 

Sometimes, especially if the moist gases are used, pentathionic 

acid, H,Sp„ is formed. lOSO, + 10H,S = 2HAO, + 8H,0 

+ 5S,. 
H,SO^ c. No action if the sulphuric acid is dilute. 

With strong acid, sulphur and sulphurous anhydride are formed. 

To prove the latter, add sulphuric acid to dry ferrous sulphide 

and boil, or pass hydrosulphuric acid gas into hot sulphuric 

acid, and SO^ will be evolved. 
CI d. Forms first sulphur, and finally sulphuric and hydrochloric acids. 

This takes place in alkaline mixture also, forming a sulphate. 
HCIO e. Same as above. 
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HCIO, /. With excess of hydrosnlphuric acid, free sulphur aud hydro- 
chloric acid are formed. With excess of HCflOj, sulphuric acid 
is formed. 

Br g. Forms hydrobromic acid and sulphur. In alkaline mixture a 

sulphate is formed. 

HBrO, h. Forms sulphur and hydrobromic acid; with excess of HBrO,, sul- 
phuric acid is formed. 

I L Forms sulphur and hydriodic acid. 

HIO, y. With excess of hydrosnlphuric acid, hydriodic acid and sulphur 

are formed. 

HgFe,(CH")„ k. Forms potassium ferrocyanide and sulphur. 

Proof: Boil' to expel excess of hydrosulphuric acid, then add ferric 
chloride. 

PbO, I, Forms PbS and sulphur. 

As^. ASjS, and free sulphur are formed. 

Mn"+» m. Forms Mn" and (SJ°. That is, all compounds of manganese 

having more than two bonds are reduced to the dyad, and free 
sulphur is formed. 

E,Mn,Og n. With potassium sulphide, potassium sulphate is formed \^M. 

Schlagdenhafen, Bulletin de la Societi Chimique (2), 22, 16 ; 
and Jour. Chem. Society^ 28, 912]. 4K,Mn,0, + 3K,S = 
3K,SO, -h 4KjO + 8MnO,. This method he uses quantita- 
tively for the estimation of hydrosulphuric acid. With some 
dilute free acid, such as sulphuric, hydrosulphuric added in 
excess to potassium permanganate gives manganous sulphate 
* and free sulphur. • . ' 

HgCrO^ 0. Forms chromic oxid^and sulphur. 

Ni^Oj p. Becomes nickelous sulphide and sulphur. 

COaOj q. Forms cobaltous sulphide and sulphur. 

(Pe,)^ r. Forms Pe" and sulphur. The action takes place in either alkaline 
or acid mixture. 

THIOSULPHURIC ACID. H,S,0,. 
Oxidation valence H',S"„0"". 

3 3 8 

O S 

Structural valence H-O-S-S-H, or H-O-S-O-H* 

I I 

O O 

786. Thiosulphuric acid (formerly called hyposulphurous acid) has not 
been isolated. Thiosulphates are made by boiling sulphur in a soluble sul- 

♦ In onion with oxygen the chemical polarity of sulphur is positive; in union with hydrogen, sulphur is 
negative; in union of sulphur with sulphur, the polarities of the one side are neutralized by those of the 
other side, so that in this union the total polarity of the sulphur stands at 0. See paragraph 614. 
flvi + S-" = (Sa)iv. A. ». P. 
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phite (rt), or in a soluble hydroxide {h) ; also by exposure of the persul- 
phides of the alkalies and alkaline earths to the air {c). The carbon diox- 
ide and oxygen of the air act upon the normal sulphides of the fixed alka- 
lies to produce a thiosulphate {d). 

a. SNaaSOs + S3 = 2Na3Sa08 

h, 80a(OH)3 + 6S3 = 20aSfi + OaSaO, + SH^O 

c. 20aSfi + 8O3 = 20aS:.0s + 3Sa 

d, 2Na3S + 203 + OO3 = NaaSaOs + NaaOOs 

When thiosulphates are decomposed by acids, the constituents of thiosulphuric acid 
are dissociated as sulphurous acid and sulphur. Nearly all acids in this way decompose 
thiosulphates : 

2Na3S303 + 4H01 = 4Na01 + 2H3SOS + S, 

The larger number of the thiosulphates are soluble in water ; those of barium, lead, 
and silver being only very sparingly soluble. The thiosulphates are insoluble in alcohol. 
They are decomposed, but not fully dissolved, by acids, the decomposition leaving a resi- 
due of sulphur. 

In analysis, thiosulphates are distinguished by giving a precipitate of sulphur with 
evolution of sulphurous anhydride when their solutions are treated with hydrochloric acid 
(789); by their intense reducing power (790), shown in the blackening of the silver preci- 
pitate (788); and by non precipitation of calcium salts. 

787. Alkali thiosulphate solutions dissolve the thiosulphates of lead, silver, and mer- 
cury ; also, the chloride, bromide, and iodide of silver, and mercurous chloride ; the 
iodide and sulphate of lead; the sulphate of calcium, and some other precipitates — by 
formation of soluble dou'>le thiosulphates : 

AgaSsOs + NaaSsOs = 2NaAgSaOs 
Or: AgaSsOs + 2Na3Sa08 = Na4Ag2(SsOs)8 
AgOl + NaaSaOs = NaAgSaOs + NaOl 
PbSOi + SNaaSaOs = Na4Pb(Sa08)s + NaaSOi 

788. Barium chloride forms, in solutions of thiosulphates, a white pre- 
cipitate of barium thiosulphate, BaS^O,, nearly insoluble in water ; dissolv- 
ing in acids, except the sulphur residue. — Calcium chloride forms no pre- 
cipitate (distinction from sulphite). — Solutions of silver nitrate (420), lead 
acetate, and mercurous nitrate form at first white precipitates of thiosul- 
phates, soluble in excess of alkali thiosulphates, as stated in the preceding 
paragraph. These white precipitates, by standing, or quickly by warming, 
turn darker and finally black, by formation of sulphides, with sulphuric 
acid. 

AgaSaOs + H3O = AgaS + HaSOi 
PbSaO, + H3O = PbS + HaSO* 

Solution of copper salts, with thiosulphates, on long standing, precipi- 
tate cuprous salt, changed by boiling to cuprous sniphide and sulphuric 
acid, as above. For the precipitation of sulphides of arsenic, antimony, 
and, in the cold, tin, see 562. 

789. H\iQ precipitation of sulphur with evolution of sulphurous anhy- 
dride, by addition of dilute acids — as hydrochloric or acetic — is charac- 
teristic of thiosulphates. It will be understood, however, that in pres- 
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ence of oxidizing agents, which can be brought into action by the acid, sul- 
phides will likewise give a precipitate of sulphur (780). 

790. Thiosiilphates are Beducing Agents — even stronger and more ac- 
tive than the sulphites, to which they are so easily converted. This reduc- 
ing power is exemplified by the conversion of ferric salts into ferrous salts 
(a), and by the bleaching of iodine solutions (b), both of which changes 
are so sharply defined that they are useful in volumetric analysis. 

If the ferric solution be made red by addition of a few drops of thiocyanate, the 
exact point of complete reduction is made obvious : while the inevitable color of free 
iodine is nearly sufficient to mark the point when loss of color shows that all the iodine 
has entered into combination, but the addition of starch-paste renders the indication more 
exact. In both these reactions, the oxidation of the thiosulphate changes it into a tetror- 
thionatet as Na<tS406 (c), but with excess of chlorine the hexad sulphur is produced (d), 

a. FeaOle + 2Na3SaOs = 2Fe01a + 2Na01 + NaaS408 

b. 2Na3830s + la = 2NaI + Na3S408 

c. 2N9LiSi03 + Ola = 2Na01 + NaaS406 

d. NaaSaO, + 401a + 5HaO = NaaS04 + HaS04 + 8H01 

In other changes, sulphuric acid is frequently formed. By greater or less degrees of 
oxidation, thiosulphates reduce chromic acid to chromic salts ; permanganic acid, first to 
manganates (green), then to manganic salts ; broinic and iodic acids first to bromine and 
iodine, and then, respectively, to hydrobromic and hydriodic acids ; nitric acid to nitro- 
gen oxides ; and arsenic acid to arsenious compounds. 

791. On ignition, or by heat short of ignition, all thiosulphates are decomposed. 
Those of the alkali metals leave sulphates and polysulphides (a), others yield sulphurous 
acid with sulphides, or sulphates, or both. The capacity of thiosulphates for rapid oxi- 
dation, renders their mixture with chlorates, nitrates, etc.. explosive, in the dry way. 
Chlorates with hyposulphites explode violently in the mortar. Cyanides and ferricy- 
anides, fused with thiosulphates, form tliiocy^nates, which may be dissolved by alcohol 
from other products. By. fusion on charcoal with NaaCOs, thiosulphates form sulphides 
(6) and {c); and by fusion with an alkaline carbonate and nitrate or chlorate, a sulphate 
is formed (d). 

a, 4NaaS30s = NaaSs + 3NaaS04 

b. NaaSaO, -+- NaaCOs + 2C = 2NaaS + 3COa 

c. gPbSaOs + 4NaaCO, -f 50 = 4NaaS + 2Pb + 9COa 

d, 3I{aaSaOs + 8NaaC03 + 4KC10, = 6NaaS04 + 4EC1 + 300a 

DITHIONOUS ACID. H,Sp,. 

Oxidation valence ... .H',S"',0-", 

OO 

I I 
Structural valence H-O-S-S-O-H 

792. Prepared by treating zinc w^ith sulphurous acid. 

2HaS03 + Zn = ZnS304 + 2H,0 

The yellow solution thus formed is a powerful reducing agetit ; bleaches prussian blue, 
and reduces salts of silver, mercury, and copper to the metallic state ; absorbs oxygen 
rapidly from the air, becoming sulphurous acid, or a sulpfiite. It is employed for esti- 
mating dissolved oxygen in water. Formerly (Schutzenberger. 1869) this acid was sup- 
posed to be HaSOs, and was called by some hydrosulphurous acid ; by others hyposul- 
phurous acid. 
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DITHIONIC ACID. H,S,0,. 

Oxidation valence H',S^,0-", 

O O 
I I 

Structural valence H-O-S-S-O-H 

N g 
O O 

793. The manganous salt is first prepared by action of SOa at 0° C. upon MnOa (a); 
after treating with Ba(OH)a \f>) ; the resulting barium salt is transposed by HaSOi (c). 
It is a colorless solution, bears concentration in a vacuum until it has a specific gravity 
of 1.347; farther attempts to concentrate, or heat alone decomposes it (d). Exposure to 
the air converts it into H3SO4 (e). All dithionates are soluble, and are decomposed by 
heat in presence of HOI without separation of sulphur. Boiling decomposes all other 
acids of the thionic series with separation of sulphair. 

a. MnOa + SHaSOs = MnSaOe + 2HaO 

5. MnSaOo + Ba(OH)a = Mn(OH)a + Ba8aO« 

C. BaSaOo + HaS04 = BaSOf + HaSaOe 

d. HaSaOe = HaS04 + SOa 



TRITHIONIC ACID. H,S,0,. 

Oxidation valence H',(S3)^0~", 

O O 

s I 

Structural valence H-O-S-S-S-O-H 

I I 
O O 

794. The potassium salt is prepared by boiling EHSOs with sulphur (a); and addition 
of HOIO4 precipitates EOIO4 {b). The acid has been obtained in crystals ; it is instable, 
decomposing by heat or on standing, as shown in (c), 

a. 12EHSOs + Sa = 4EaS806 + 2EaS08 + OHaO 

b, EaSaOs + 2HOIO4 = 2KOIO4 + HaSsOo 
C, 2HaS806 = 2HaS04 + 2SOa + Sa 



TETBATHIONIC ACID. H,S,0.. 

Oxidation valence H'^CSj^O-", 

O 

Structural valence H-O-S-S-S-S-O-H 

1 I 
00 

796. The barium salt is formed by adding iodine to the thiosulphate (a); from which 
the acid is transposed by HaS04 (b). The acid decomposes on boiling as is shown in (c). 
Sodium iimalgam reconverts it into the thiosulphate (d), 

a, 2BaSaOs + la = Bala + BaS406 

h, BaSfOe + HaS04 = BaS04 + HaS40« 

C. HaS406 = H8SO4 + SOa + Sa 

d, NaaS408 + 2Na = 2NaaSa08 
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PENTA5HIONIC ACID. H,S,0,. 

Oxidation valence 'S.\^"fi-'\ 

O 
I I 

Structural valence H-O-S-S-S-S-S-O-H 

1 I 
O O 

796. Formed by parsing hydrogen sulphide into a solution of sulphurous acid (a); also 

by action of water upon S301<t {b). The barium salt is formed by action of SaOla upon 

barium thiosulphate (c). It may be concent rateti in a vacuum until it has a specific 

gravity of 1.6 ; farther concentration or boiling heat alone decomposes it, as is shown. 

in((Q. 

a. lOHsSO, + IOH3S = 2H2S6O6 + 5S3 + I8H3O 

h. IOS3OI3 + 12H,0 = 5Sa + 20HO1 + 2H3S5O8 

c, 2S3OI3 + 4BaS308 = 2BaS606 + 2Ba01a + 8b 

d. 2H,8ftOe = 2HaS04 + 280, + 88a 



Tbtra- and Pentathionic Acids. 
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^36 Sulphurous Acid. 

SULPHUROUS ACID. H,SO,. 

Oxidation valence of the anhydride and acid . . . S^O"",, H'.S^O-", 

O 
I 

Structural valence of the anhydride and acid . . .0=^S=0, H-O-S-O-H 

798. Vapor density of the anhydride (H = 1), 32. Melting pointy 
-76° C. (Faraday). Boiling point, -10° C. (Pictet, 1877). At a pres- 
sure of not more than four atmospheres is liquefied at 35° 0. (Pictet). 

Occurrence — Found free in volcanic gases. 

Preparation. — (1) By burning sulphur in tlie air. (2) By heating sul- 
phur with metallic oxides. (3) By decomposition of thiosulphates and of 
all the thionic acids. (4) By dissociation of H,SO^ by heat, see 734. (5) 
For laboratory use it is generally made by action of hot concentrated H^SO^ 
upon copper or other metals. (6) By action of hot concentrated H,SO^ 
upon sulphur, or (7) upon charcoal. (8) By heating anhydrous sulphates 
with sulphur. 

1. Sa + 208 = 2S09. 

2. MnOa + St) = MnS + SOs 
4ZnO + 8Sa = 4ZnS + 2SO, 
4Pe208 + 7Sa = 8PeS + eSOs 
2Pbs04 + 5Sa = 6PbS + 4SOa 

8. 2Nat,Sa08 + 4H01 = 4Na01 + 280, + S3 + 2H9O 

5. Ou + 2HaS04 = OUSO4 + SOa + 2HaO 

6. Sa + 4HaS04 = 6SOa + 4HaO ' 

7. O + 2HaS04 = 2SOa + 00, + 2HaO 

8. FeS04 + Sa = FeS + 2SOa 

799. Properties.— Sulphurous anhydride, 80a, is a colorless liquefiable gas, of a 
powerful, characteristic, suffocating odor and effect, that of burning sulphur. It 
bleaches litmus-paper. It is not combustible in the air. It dissolves readily in water, 
doubtless as sulphurous acid ; the solution saturated at 15° C. (60° P.) containing about 
14 per cent, of the sulphur dioxide ; an increase of temperature greatly decreasing its 
solubility. 

800. It may be supposed that the solution, at ordinary temperatures, is a mixture of 
water and HaSOs— a view resting on somewhat stronger support than we have for con- 
sidering the solution of carbonic anhydride to contain HaOOs. 

801. Solution of Sulphurous Acid first reddens litmus, and then 
bleaches it. It decomposes carbonates with effervescence. It has a strong 
odor from vaporization of sulphurous anhydride, wliich is soon completely 
expelled on boiling. By exposure to air it is gradually oxidized to sul- 
phuric acid, from which it is seldom entirely free (812). 

802. The Sulphites of the metals of the alkalies are freely soluble in 
water ; tlie normal sulphites of all other metals are insoluble, or but very 
sli^litly soluble in water. The sulphites of the metals of the alkaline earths, 
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and some others, are soluble in solution of sulphurous acid — the solution 
being precipitated on boiling. The alkali bases form acid sulphites ('^bi- 
sulphites"), which can be obtained in the solid state, but evolve sulphurous 
anhydride. The sulphites are insoluble in alcohol. 

In analysis, sulphites are recognized by the odor of the anhydride, libe- 
rated by adding an acid (799). Also, by the reducing power (808) and by 
oxidation to sulphate (807). 

803. Solution of sulphurous acid (free from sulphuric acid) is but 
slightly precipitated by solutions of salts — owing to the solubility of sul- 
phites in acids. 

Sulphites are decomposed by all acids ; except carbonic and boracic, and, 
in some instances, hydrosulphuric. 

804. Solutions of metallic sulphites are precipitated by the soluble salts 
of all metals except those of the alkalies. The precipitates, mostly white, 
are soluble in acetic acid ; also, by hydrochloric acid, except first-group 
sulphites, which are chair^ed to chlorides, and, so far as not oxidized to 
sulphates, in dilute nitric acid. But these precipitated sulphites are 
almost invariably accompadied by sidphates which are left undissolved by 
acids. 

805. Solution of lead acetate precipitates, from solutions of sulphites^ 
lead sulphite, PbSO,, white, easily soluble in dilute nitric acid ; and not 
blackening when boiled (distinction from thiosulphate). Solution of silver 
nitrate gives a white precipitate of silver sulphite, Ag^SO,.. easily soluble 
in very dilute nitric acid or in excess of alkaline sulphite, and turning dark 
brown when boiled, by formation of metallic silver and sulphuric acid. So- 
lution of mercuric chloride produces no change in the cold ; but on boil- 
ing, the white mercurous chloride is precipitated, with formation of sul- 
phuric acid. Still further digestion, with sufficient sulphite, reduces the^ 
white mercurous chloride to gray metallic mercury (equation 448 h). 

806. Solution of ferric chloride gives a red solution of ferric sulphite. 
"FQj^BQf^^ ; or, in more concentrated solutions, a yellowish precipitate of 
basic ferric sulphite, also formed by addition of alcohol to the red solution. 
The red solution is decolored on boiling ; the acid radical reducing the 
basic radical, and forming ferrous sulphate. 

807. Solution of barium chloride gives a white precipitate of bar item 
sulphite, BslSO^, easily soluble in dilute hydrochloric acid — distinction from 
sulphate, which is undissolved, and should be filtered out. Now, on adding 
to the filtrate nitrohydrochloric acid, a precipitate of barium sulphate 
is obtained — evidence that sulphite has been dissolved by the hydrochloric 
acid : 

BaSO, + 2H01 = BaOla + H^SOs 

BaOla + HaSOs + Ola + HaO = BaSO* + 4H01 

808. Sulphurous acid and sulphites are active Beducing Agents, by 
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virtue of their capacity for oxidation to sulphuric acid and sulphates. See 
Oxidations, 813. Reduction by sulphurous acid is exemplified in the pre- 
cipitations, given above, with silver and mercury, and wich barium. Equa- 
tions for other reductions are given, for chromic acid, 194 c ; for iodine 
decoloration, 795 a ; and for HIO,, 810 (c) and (d), 

809. The reaction with iodic acid is employed as a test for sulphurous 
acid (as well as for iodic). A mixture of iodic acid and starch is turned 
violet to blue by traces of sulphurous acid or sulphites in vapor or in solu- 
tion, the color being destroyed by excess of the sulphurous acid or the 
sulphite. 

810. Notwithstanding this ready capacity for oxidation, sulphurous acid 
is capable of furnishing oxygen, though its power in the latter office is nar- 
rowly limited. As an Oxidizing Agent, sulphurous acid changes stannous 
ohloride to stannic sulphide (a)\ reacts with the nascent hydrogen fur- 
nished by zinc and dilute hydrochloric acid to form water and hydrosuU 
phuric acid (b). By heat alone, sulphites either split into oxides and sul- 
phurous anhydride (e), or into sulphates and sulphides (/). 

a. HaSOs + 3SnOl3 + 6H01 = 3SnOl4 + H^S + SH^O 
SnOl4 + 2H3S = SnSa + 4H01 

b, HtiSOs + 3Zn + 6H01 = SZnOla + 3H3O + H,S 
C. 2HIO3 + 5H3SO3 = 5H3SO4 + la + HaO 

d. HIO3 + 3H3SOS (excess) = 8H3SO4 + HI 

e. OaSOs = OaO + SO3 

/. 4Na2S03 = 3NaaS04 + NaaS 

811. Estimation. — (1) After converting into H,SO^ by HNO, or CI 
it is precipitated by BaCl,, and weighed as BaSO^. (S) The oxidation is 
effected by fusing with Na^COg and KNO, (equal parts). (3) A standard 
solution of iodine is added, and the excess of iodine determined by a stand- 
ard solution of Na^SjO,. 

812. Preparation of sulphites. — The sulphites of the ordinary metals 
are usually made by action of sulphurous acid upon the oxides or hydrox- 
ides of the metals. They are normal, except mercurous, which is acid, and 
chromium, aluminium, and copper, which are basic. Sulphurous acid pre- 
cipitates solutions of metals of the first and second groups, except copper 
and cadmium. 

The sulphites of the alkalies precipitate solutions of the- other metals 
except chromium salts ; and some normal sulphites may be made in this 
manner. The sulphites of silver, mercury, copper, and ferricum (known 
only in solution) are instable, the sulphurous acid becoming sulphuric at 
the expense of the base, which is reduced to a form having a. less number 
of bonds. With the instable stannous sulphite the action is the reverse. 
(See 810.) All sulphites by exposure to the air slowly absorb oxygen, and 
are partially converted into sulphates. 

813. Oxidation.— a. Upon other acids sulphurous acid acts as a re- 
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ducing agent, except with liypophosphorous and hydrosulphuric acids, 756- 

785. With free metals it acts only as au oxidizing agent. With metallic 

oxides it is a reducing agent, except with stannous oxide. The method of 

proof is, in all cases, very simple. 

For action on HNO„ see 713 ; on HNO,, 733 ; on HjPO,, 756 ; on 

H,S, 785. 

CI h. Forms sulphuric and hydrochloric acids. With alkalies, a sul- 
phate and chloride. 

HCIO c. Forms sulphuric and hydrochloric acids. 

HCIO,^. '' " " " 

Br 6. Forms sulphuric and hydrobromic acids. With alkalies, a sul- 
phate and bromide. 

HBrO,/. Forms first bromine, then sulphuric and hydrobromic acids. 

I g. Forms hydriodic and sulphuric acids. 

HIO3 li. Forms first iodine, then hydriodic and sulphuric acids. 

HgFea(CW),3 L Forms ferrocyanic and sulphuric acids. 

PbOj y. Forms plumbic sulphate. 

Ag' k. Forms metallic silver. See 805. 

Hg' and Hg'' I, With the nitrates of mercury, metallic mercury is formed. 

With mercuric chloride, mercurous chloride is very slowly pre- 
cipitated, and by long boiling with excess of H,SO, metallic 
mercury is formed. 

Sn" m. With stannous chloride, forms stannic sulphide, or stannic chloride 

and hydrosulphuric acid, according to the amount of hydro- 
chloric acid present. 

As^ n. Forms arsenious and sulphuric acids. 

MnO, p. If the solution is hot, manganic sulphate is formed [ Watls^ DiC" 

tionaryy 5, 636]. If cold, manganous dithionate, MnS^O^, 
is formed [Gmelin's Hand-book, II. 174]. 

Mn"+'* becomes Mn". That is, all compounds of manganese having more 

than two bonds are reduced to the dyad. 

Co.Oj q. Forms Co". 

Ni,0, r. FofmsNi". 

Fe"' s. Forms Pe". 

Cr^^ t Forms chromic sulphate. 
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SULPHUBIC ACID. H,SO,. 

Oxidation valence H'^S^^iQ-"^ 

O 

Structural valence H-O-S-O-H 

o 

Oxidation valence of pyrosulphuric acid H'^S^^^^^ 

O O 
I I 

Structural valence of pyrosulphuric acid. ...... 

O O 

814. Oocurrence. — Found free in the spring water of volcanic districts- 
Found combined in gypsum, CaSO^ -[- ^^a^ ; in heavy spar, BaSO^; in 
celestine, SrSO^ ; in epsom salts, MgSO^ + 7HjO ; in glauber salt, Na^SO^ 
+ 10H,O, etc. 

815. Preparation. — Industrially, sulphuric acid is chiefly made by 
utilizing the SO, evolved as a by-product in roasting various sulphides — e.g»^ 
iron and copper pyrites, blende, etc. {a) and (b), Tlie SO, is passed into a 
large leaden chamber and brought into contact with HWO,, steam, and 
air. The HNO, first oxidizes a portion of tlie SO, {c)\ the steam then re- 
acts upon the NO,, forming HNO, and NO (d). This NO is at once oxi- 
dized again by the air to NO,, so that theoretically no nitric acid is lost, 
but all is used over again. Practically, traces of it are constantly escaping- 
with the nitrogen introduced as air, so tliat a fresh supply of nitric acid is 
needed to make up for this loss. The absolute H,SO^ cannot be made by 
evaporation or distillation ; it still contains about two per cent, of water. 
It may be made by adding to water, or to the H,SO^ containing the twa 
per cent, of water, a little more SO, or H,S,0, tlian would be needed to 
make H,SO^ ; then passing perfectly dry air through it until the excess of 
SO3 is removed, leaving absolute H,SO,. Also, if tlie H,SO„ with two per 
cent, of water, be cooled to -34.4° C, H,SO^ crystallizes out (Regnault) ; 
but does not melt again until warmed to 10.5° C. (Marignac). 

Pyrosulphuric, or Nordhausen sulphuric acid, H,S,0,'is made : {ey 
by solution of sulphuricacid in sulphuric anhydride ; (/) by drying FeSO^ 
-[- 7H,0 until it becomes 4PeSO^ -h H3O, and then distilling ; the dis- 
tillate, consisting of H,S,0„ with some SO,. Sulphuric anhydride is^ 
made {g) by action of heat on sodium pyrosulphate, Na,S,0„ prepared by 
heating NaHSO^ to dull redness, {li) By distilling pyrosulphuric acid, 
the anhydride is collected in an ice-cooled receiver, (i) By heafing H,SO^ 
with P,0,. 

A substance having the composition S,0,, and called persulphuria 
anhydride, is formed by passing electricity for a long time through a. 
mixture of equal volumes of SO, and oxygen. It is little known. 
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o. 2Zn8 + 30b = 2ZnO + 2SO3 
h, 4FeS2 + llOs = SFoaOs + 8SOs 

c. SO3 + 2HNOs = HflS04 + 2NO, 

d. 3NOa + HaO = 2HN08 + NO 

e. H3SO4 + SOs = HaSaOT 

/. 4FeS04 + HaO = 2Fe20s H- HaSaO? + 2SO« 

g, NaaSaO? = NaaS04 + SOs 

u H,S04 + PaOft = 2HP08 + SOs 

816. Sulphuric anhydride, SOs, is a colorless, fibrous, or waxy solid, melting (when 
recent) at 25° C. (77' F.), boiling at 46° C. (115° P.), and vaporizing with heavy white 
fumes in the air at ordinary temperatures. It is very deliquescent, and on contact with 
wat«r combines rapidly, forming sulphuric acid and much heat. 

817. Absolute sulphuric acid, H,SO^, is a colorless, syrupy liquid, hav- 
ing at 12° C. a specific gravity of 1.842 (Marignac, 1870), boiling at 338° 
C. (640° F.) (Marignac). At temperatures above about 160° C. (320° >.) 
it vaporizes from open vessels, slightly or abundantly, the vapors being 
white, heavy, and suffocating, exciting coughing witliout giving premoni- 
tion by odd*. At ordinary temperatures it is strictly non-volatile and in- 
odorous The sp. gr. of the U. S. P. acid is 1.840. 

818. It IS miscible with -water in all proportions with production of 
heat ; it abstracts water from the air (use in desiccators), and quickly ab- 
stracts the elements of water from many organic compoTinds, and leaves 
their carbon, a characteristic charring effect. It dissolves in alcohol, with- 
out decomposing it — but if in sufficient proportion producing ethylsul- 
phuric acid, HCjH.SO^. 

819. Sulphuric acid transposes the salts of nearly all other acids, form- 
ing sulphates, and either acids (as hydrochloric acid, 839) or the products 
of their decomposition (as with chloric acid, 860). But salts of mercury, 
silver, tin, and antimony are with difficulty transposed by sulphuric acid. 
Also, at temperatures above about 800° C. (or 600° F.) phosphoric and sili- 
cic acids (and other acids not volatile at this temperature) transpose sul- 
phates, with vaporization of sulphuric acid. 

820. Sulphuric acid dissolves most metals ; though not quite so gene- 
rally efficient for this purpose as hydrochloric or nitric acid. Diluted suU 
phu7'ic acid, when cold, dissolves — mth evolution of hydrogen — magnesium, 
aluminium, zinc, iron, manganese, and tin ; and, when heated, nickel, co- 
balt, and cadmium (a). Concentrated sulphuric acid, by application of 
heat, dissolves — with evolution of sulphurous anhydride — copper, mercury, 
silver, bismuth, and tin {b) and {c). (Compare 825.) If in a fine state of 
division all ordinary metals are dissolved, but gold, platinum, iridium, and 
vho^llam are not attacked. 

a. Fe + HaS04 = PeSO* + 2H 

&. On + 2HaS04 = OUSO4 + 2H,0 + SOa 

c. 2Fe + 6H88O4 = Fea(S04)8 + 3SOa + 6HaO 
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821. The metallic Sulphates are freely soluble in water, except those of 
barium, lead, strontium (very slightly soluble), calcium, and mercurosum, 
which are sparingly soluble. For specifications of the solubilities of the 
sulphates of barium, strontium, and calcium, see b8 ; of lead, see 389, 
Silver sulphate requires about 200 parts of cold or 100 parts of hot water 
for solution, and mercurous sulphate is even more sparingly soluble. Bis- 
muth, antimonious and mercuric sulphates are soluble in acidulated water, 
but decomposed by pure water. The metallic sulphates are insoluble in 
alcohol (ammonium sulphate sparingly soluble in ordinary alcohol, very 
slightly in absolute alcohol). 

Ill analysis, barium sulphate is chiefly obtained (822). Alcohol is use- 
ful for separation of free sulphuric acid from its salts (824). 

Acid sulphates of the alkali bases are formed as crystallizable salts. 
That of potassium, KHSO^, gives off sulphuric acid above about 200° C. 
(400° F.), or by greatly diluting its solutions. That of sodium, NaHSO^, 
is decomposed at a lower temperature, and hardly exists at all in solution. 
Alcohol, added to solutions of the acid sulphates, precipitates the normal 
sulphates, sulphuric acid remaining in solution : 

2KHSO4 = K3SO4 + HaS04 

822. Sulphuric acid, or solutions of sulphates, on addition of solutions 
of barium salts, as BaCl,, or Ba(N'03)3, S^^® ^ white precipitate of barium 
sulphate, BaSO^ ; insoluble by hydrochloric or nitric acid. Tliis insolu- 
bility is a distinction from all acids, except selenic and hydrofluosilicic. 
The precipitate, formed in cold solution, is so fine as to be difficult of re- 
moval by filtration ; if formed in hot solution and then boiled it is retained 
by a good filter. The full completion of the precipitate requires that the 
mixture should stand some time. In strongly acid solutions a precipitate 
of BaClg, etc., may be obtained (see 104). A residue of sulphur may ap- 
pear in this test, applied to thiosulphates (788). Solutions of lead salts 
give a white precipitate of lead sulphate, PbSO^ ; not transposed with acids, 
soluble in solution of potassium hydrate. In solutions not dilute, calcium 
isalts give a white precipitate of calciwn sulphate, CaSO^. 

823. Alcohol precipitates the sulphates from their moderately concentrated water 
solutions; and its addition enables calcium chloride to precipitate the sulphate of calcium 
in very dilute solutions. 

The sulphates insoluble in water are decomposed for analysis— -(Ist) by long boiling 
with solution of alkali carbonate; and more readily (2d) by fusion with an alkali car- 
bonate. In both cases tliere are produced — alkali sulphates soluble in watei-, and cnr- 
iimaics soluble by hydrochloric or nitric acid, after removing the sulphate (a). If the 
fusion be done on charcoal, more or less deoxidation will occur, reducing a part or the 
whole of the sulphate to sulphide (825), and the carbonate to metal (as with lead, 397), or 
leaving the metal as a carbonate or oxide (66.8). 

a. BaSOf + NaaOOs = NasS04 (soluble in water) + BaOOs (soluble in acid) 
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B24. Free sulphuric acid may be separated from sulphates (except ammonium sul- 
phate) by strong alcohol, solutions be ing first evaporated nearly to dryness on the water- 
bath. — A test for free sulphuric acid, in distinction from sulphates, may be made (in 
accordance with 818), by the use of cane sugar, as follows: A Utile of the liquid to be 
tested is concentrated on the water-bath ; then from two to four drops of it are taken on 
a piece of porcelain, with a small fragment of white sugar, and evaporated to dryness by 
the water-bath. A greenish-6/acA; residue indicates sulphuric acid. (With the same 
treatment, hydrochloric acid gives a brownish-black, and nitric acid a yellow-bfown 
residue.) A strip of white glazed paper, wet with the liquid tested, by immersing it 
several times at short intervals, then dried in the oven at 100° C, will be colored black, 
brown, or reddish, if the liquid contains as much as 0.2 per cent, of sulphuric acid. 

825. Sulphuric acid and its salts are very stable at ordinary temperatures. They do 
not at all act as reducing agents — solution of permanganate not being decolored by sul- 
phuric acid ; but at high temperatures, they are able to act as Oxidizing Agents to some 
extent. In the action of metals on hot concentrated sulphuric acid, there are cases of 
reduction of the sulphuric to sulphurous add, as stated in 820 b; and in the action of 
ignited carbon, we have reduction of sulphates to sulphides, in fusion on charcoal, as fol- 
lows 

NaaSO* + 20 = NaaS + 200a 

826. It will be observed — sulphates fused with sodium carbonate on charcoal, leave 
a mass which contains sulphides, and, when moistened, stains metallic silver ; but, 
when fused with sodium carbonate (on porcelain) without reducing agents, leave a mass 
which, when moistened, does not stain metallic silver (distinction from sulphides). 

827. By heat alone, the sulphates of the metals suffer dissociation — some giving off 
sulphuric anhydride ; others, sulphurous anhydride and oxygen : 

2FeS04 = PoaOa -I- SOs -f- SOs 
2OUSO4 = 20aO + 2SOa + Oa 

The sulphates of Cu, Sb, Pe, Hg, Ni, and Sn are completely decom- 
posed at a red heat. A white heat decomposes the sulphates of Al, Cd, Ag, 
Pb, Mn, and Zn. An ordinary white heat has ho action on the sulphates 
of the alkalies and alkaline earths ; but at the most intense heat procurable 
the sulphates of Ba, Ca, and Sr are changed to oxides ; and at the same 
temperature K^SO^ and Na^SO^ are completely volatilized, preceded by par- 
tial decomposition. 

828. Sulphates are made, a, by dissolving the metals in sulphuric acid, 
829 ; /;, by dissolving the oxides or hydrates ; c, by displacement. All salts 
containing volatile acids are displaced by sulphuric acid and a sulphate 
formed (except the chlorides of silver, mercury, and tin). The excess of 
acid may generally be expelled by evaporation, or the crystals washed with 
cold water or alcohol. 

The insoluble sulphates are best made by precipitation. 

829. Oxidation. — a. Sulphuric acid 'can, of course, never act as a reduc- 
ing agent, and it does not oxidize the other acids, except hypophosphorous 
(756), hydrobromic, and hydriodic acids. Some others are decomposed, but 
not oxidized, and the sulphuric is not reduced. For action on H,C,0^ see 
652 ; for H,PO„ 756 ; for H,S, 785. 
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b. Forms bromine and sulphurous acid. No action occurs except in 
concentrated solution. 

c. Forms iodine and sulphurous acid. 

d. Metals, when dissolving in dilute sulphuric acid, evolve hydrogen^ 

and form sulphates. 
When the metals dissolve in strong sulphuric acid, SO, is evolved, 

and sulphates are formed. 
Dilute sulphuric acid does not oxidize any of the metallic oxides. 
Concentrated acid changes the following : 

Hg,0 e. Forms mercuric sulphate, and sulphurous anhydride is evolved. 

SnO /. Stannous chloride forms, first, sulphurous anhydride, then hydro- 
sulphuric acid, stannic chloride at the same time being pro- 
duced. 

Mn ff. With the higher oxides of manganese, dilute sulphuric acid has 

no action. 

Mii" + « Forms Mn" and (Oj°. That is, all compounds of manganese hav- 
ing more than two bonds are reduced to the dyad ; manga- 
nous sulphate forming and oxygen being evolved. 

Fe'""** 0. In hot concentrated H^SO^ becomes Fe3(SOJ,. 

CHLORINE. CI = 35. 370. 

830. Oxidation valence of free chlorine (ClJ®. See also 613 and 614. 
Structural valence of free chlorine, Cl-CL 

Vapor density (H == 1), 35.370. The molecule contains two atoms, CI,. 
Under ordinary air pressure liquefies at -33.6° 0. (Regnault, 1863) ; and 
solidifies at -102° C. (Olszewski, 1884). Under pressure of six atmos- 
pheres liquefies at 0° C (Niemann). 

Occurrence. — It is never found free in nature. It is found in great 
abundance as sodium, chloride. 

831. Preparation. — (1) Weldon\^ process : MnO, is treated with HCl^ 
and the MnClg formed is precipitated as Mn(OH), by adding Ca(OH),. 
The Mn(OH), is warmed by steam, and air is blown into it, oxidizing it 
again to MnO,, and by repeating this process the same manganese is used 
over again. (2) Deacon^s process : HCl, mixed with air, is passed over 
fire-bricks moistened with CuCl^ and heated to about 440° C. The heat 
first changes the CuCl, to Cu,Cl„ evolving chlorine ; then the oxygen of 
the air, aided by the HCl, oxidizes the Cu,Cl, to CuCl,. It is not certain 
that the explanation is correct. It is only known that the hydrochloric 
acid which is passed into the apparatus comes out as free chlorine, and that 
the copper chloride (small in amount) does not need renewing. (3) By ig- 
nition of dry MgCl, in tiie air. (4) Some chlorides are dissociated by heat 
alone — e.g., PtCl^, AuCl,, and PdCl,. (5) By fusing together NH^NO^ 
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and ira[,Cl. (6) By action of HCl upon compounds of Mn" + », Cr"' + »,* 
Co" + ^ Ni' +'s Pe"^-^ Bi"' + «, and Pb" + ^ theae metallic forms losing 
n bonds and becoming ciilorides. 

1. MnOa -r 4H01 = MnOla + 2H,0 + Ol, 
MnOla + Oa(OH), = Mn(OH), + OftOl, 
2Mn OH)2 + 03 = 2MnOa + 2HaO 

2. 20u01., + heat = OuaOla + Ola 
20ua01a + Oa + 4H01 = 40u01a + 2HaO 

3. 2Mg01a + Oa = 2MgO + 201a 

4. PtOl4 = Pt + 201a 

5. 4NH4NO3 + 2NH4OI = 12HaO + 5Na + Ola 

6. KaOraOT + 14H01 = 2K01 + OraOl. + 301a + THaO 

832. The three elements, chlorine, bromine, and iodine, resemble each other in 
almost all their properties, reactions, and combinations, differing (as do their atomic 
weights, 85.87, 79.768, 126.557) with a regular progressive variation ; so that their 
compounds present themselves to us as members of progressive series. In several par- 
ticulars fluorine (atomic weight, 18.984) corresponds to the first member of this series. 



833. CHLORINE is a greei^ish -yellow, suffocating gas, dissolved spar- 
ingly by cold water, very slightly by hot water. The solution bleaches lit- 
mus ; buc on standing, the 01 is converted into HCl (a), when it reddens 
litmus, and is no longer fit for use as a reageiit. Chlorine is dissolved 
freely by alkali hydrates, with combination (^), the solution having especial 
oxidizing force (854). In distinction from hydrochloric acid, it bleaches 
moist litmus, and indigo solution ; precipitates sulphur from hydrosul- 
pburic acid, and iodine from solutions of iodides — ^slight traces of it being 
revealed by the blue color with solution of potassium iodide aiid staroh — 
and acts in presence of water as a very powerful oxidizing agent (a). It 
displaces bromine as well as iodine. It dissolves gold-leaf and mercuric 
sulphide {distinctions from nitric acid). Like hydrochloric acid, it pre- 
cipitates solution of silver nitrate (c), and plumbic and mercurous salts ; 
and forms, with vapor of ammonia, a white cloud of NH^GL "With ammo- 
nium salts, chlorine is liable to cause explosion, nitrogen chloride being 
formed (^5). For the Oxidations caused by chlorine, see 834. 

a. 2OI9 + 2HaO = Oa + 4H01 

b. SOU + 6EOH = 5E01 + EOIO, 4- 8H9O 
Or: 01, + 2EOH = EOl + EOlO -h H,0 

c. 301, + 6AgNO, + 3H3O = OAgOl + AgOIOs -h 6HN0t 

« Or''' indicates oxidation yalence, not structoral Talence, the latter being 

01 01 

(Ors)vt, time 01-Or-Or-Ol 

in in 
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The most important Acids containing Chlorine are : 

Hydrochloric acid, HCl""' 
Hypocblorous acid, HCl'O 
Chlorous acid, HC1"'0, 

Chloric acid, HCl^O, 

Perchloric acid, HCl^nO^ 
834. Oxidation. ^ a. The most delicnte test fo/* chlorine !s potassinm 
Iodide with carbon disulphide. If, however, other oxidizing agents ai*e 
present, the test must be varied to avoid error. 

Chlorine is one of the strongest oxidizing agents, becoming always hy- 
drochloric. 

For action on H,C,0,, see 659 ; H.PO,, 756 ; H,S, 785 ; H,SO„ 813. 

h. Forms bromine and hydrochloric acid. In alkaline mixture forms 
an alkaline bromate. 

c. Forms iodic and hydrochloric acids. In presence of potassium hy- 
droxide, potassium periodate is formed. 

d. Forms first iodine, then iodic acid. With potassium hydroxide, 

same fis above. 
HCNS e. Forms first a red compound of unknown composition, then 

hydrocyanic, sulphuric, and hydrochloric acids. 
H^Fe(CN)g /. Forms first ferricyanic and hydrochloric acids. Excess of 

chlorine to be avoided in preparation of ferricyanides. 
H,Fe,(CN)j, g. Decomposes, forming various products. 

A. Chlorine unites with all metals, forming chlorides. If any 
metal is capable of forming two series of salts, it always 
changes the one in which the metal has the less number of 
bonds, to that having the greater. That is, it changes ous 
salts to ic. 

Especially in the presence of a fixed alkali, it changes nearly all 
the lower oxides and hydrates to the highest the metal is ca- 
pable of forming. Among the ordinary metals, the only ex- 
ceptions are peroxide of silver, and the peroxides of the alka- 
lies and alkaline earths. 

i. By comparing this with oxidation by Br and I, the following 
facts will be observed, and should be carefully considered. 
The elements chlorine, bromine, and iodine have an oxidiz- 
ing power in order of their combining numbers, chlorine being 
the strongest. This rule has no exceptions. 

Their hydracids are reducing agents graded in the reverse order. 

If any increase of bonds takes place in presence of an acid, by 
chlorine, bromine, or iodine, the same increase always occurs 
in presence of a fixed alkali. But the oxidation frequently 
goes further in presence of a fixed alkali. Thus, with chlo- 
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rine and potassium hydrate we form PbO„ Ni^O,, Bi,0,, 
Co^O,, KjFeO^, and MaO,, which cannot be formed in pres- 
ence of an acid. 
It is very important to remember that those oxides wliich are formed 
hy chlorine, in presence of a fixed alkali, hut not in presence 
of an acid, are the only ones which can be reduced by hydro- 
chloric aqid. And further, that this reduction proceeds not 
always to the original form, 7iever proceeding beyond that num- 
ber of bonds capable of being formed in presence of an acid. 
Thus, any plumbic salt, with potassium hydroxide and chlo- 
rine, forms PbO,, and this treated with hydrochloric acid 
again forms the plumbic salt, PbCl,. And ferrous chloride 
with potassium hydroxide and chlorine forms K,PeO^, in 
which iron is a true hexad, and K,PeO^ with hydrochloric 
acid forms, not the ferrous chloride with wJiich we began, but 
ferric chloride, for it could be oxidized to that point in pres- 
ence of an acid. 
Hie above rule is true for bromine and iodine^ as well as for 
chiorine. 

Pb" /. Becomes PbO,, with fixed alkalies, not in acid solution. 
FbO + 2EHO + Ola = FbOa + 2E01 + HaO 
Fb(NOa)a + 4KHO + Ola = PbOa 4- 2KN0a + 2K01 + 2HaO 
Pb3(P04)a + 12KHO + 301a =r 3PbOa + 2K8(P04) + 6K01 + 6HaO 

Hg' k. Becomes Hg" in acid and in alkaline mixture. 

Sn" /. Becomes Sn"" 

EaSnOa + 2KH0 + Ola = EaSnOa + 2E01 -f- HaO 

As"' m Bocomes As^ in acid and alkaline mixture. 

Sb'" n. Becomes Sb^ 

Bi''' 0. Becomes Bi^ in alkaline mixture only. 

2Bi01, + lOKHO + 201a = BiaO. + lOKOl + 5HaO 
Mn'' p. Becomes MnO, in alkaline mixture only. 
Co" q. Becomes Co^(p^)^ in alkaline mixture only. 
Ni" r. Becomes Ni,(OH). " " 

Or'" s. Becomes Cr^ (a chromate) in alkaline mixture only. 
Pe" t. Becomes Fe"' in alkaline and acid mixture, but is further oxidized 

to an alkaline ferrate in presence of alkali hydroxides. 
FeSOs + lOEOH + 301, = EaFe04 + KaSO^ + 6e6i + 5HaO 

HYDROCHLOBIC ACID. HCl. 

835. Oxidation valence H'Cl""' 

Structural valence H-Cl 

The vapor density (H .= 1) is 18.185, showing that the molecule is 
HCl. 
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HCl gas under ordinary atmospheric pressure liquefies at -102° C, and 
solidifies at -115.7° C, melts again at -112.5° C. (Olszewski, 1884). 
Under a pressure of 40 atmospheres it liquefies at 10.6° C. (Mitchell). 

Occnrrence. — Not found native except in volcanic gases and in springs 
and rivers in the vicinity of volcanoes. Found as a chloride in many 
minerals, its most abundant source being sodium chloride. 

836. Preparation. — (1) For commercial purposes always made by action 
of H,SO^ on NaCl. Sulphuric displaces hydrochloric acid from all chlo- 
rides. Exception : It has no action on Hg,Cl, and HgCl,, and the 
chlorides of silver, lead, and tin are but imperfectly transposed. (2) By 
direct combination of H and CI by means of heat, light, or electricity. 
(3) The chlorides of the first two groups and of Zn, Fe, Co, and Ni are re- 
duced to the metallic state when heated in hydrogen gas, HCl being evolved. 

1. 2Na01 + H,S04 = Na,S04 + 2HC1 

2. Ha + Ola = 2HC1 

3. CuOla + Ha = Cu + 2HC1 

837. Absolute hydrochloric acid is a colorless, caustic, suffocating gas. 
It dissolves in about two parts by weight of water. At 15° C. a saturated 
solution having a specific gravity of 1.2124 contains 43.09 per cent, of HCl 
(J. KoLB, 1872). Its strongest permanent solution contains about 33 j)er 
cent, of acid (HCl); but this solution rapidly evolves acid in the air, more 
rapidly on warming, less rapidly as tiie solution loses strength. When of 
20 per cent, acid, the liquid boils at 112° C. (233° F.), vaporizing with the 
water of its solution. The XJ. S. P. acid contains 31.9 per cent, of HCl, 
and its sp. gr. is 1.16. 

838. Gaseous hydrochloric acid escapes with slow eflFervescence when 
liberated from compounds in concentrated solution ; reddens litmus; with 
vapor of ammonia, gives a white cloud (NH^Cl as a solid), somewhat more 
dense than the fumes caused by the other volatile acids ; and, like aqueous 
hydrochloric acid (842), precipitates chlorides from salts of the first-group 
metals, when brought in contact with their solutions — a drop adhering to 
a glass rod being held in the gas. 

839. Hydrochloric acid is formed from metallic chlorides by transposi- 
tion with sulphuric acid ; except that silver, lead, and tin chlorides are 
transposed with difficulty, and mercurous and mercuric chlorides not at all, 
by sulphuric acid : 

2NaCl + H,S04 = Na3S04 + 2HCI 

840. The normal Chlorides are all soluble in water, except those of the 
metals of the first group ; silver, AgCl ; mercurous, Hg^Cl^ ; and lead, 
PbCl, — the last named being sparingly soluble. In analysis, the silver pre- 
cipitate is most used (843). If bromides are present, the chlorochromic test 
is most conclusive (845). 

A large number of the metallic chlorides are soluble in alcohol, and 
seveial are soluble in ether. 
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841. The chlorides of metals are, generally, more volatile than other 
compounds of the same metals ; example, ferric chloride. 

842. Solutions of chlorides and hydrochloric acid are precipitated, by 
solutions of silver salts, as silver chloride^ AgCl, white (413) ; by solutions 
of mercurous salts, as mercurous chloride, Hg^Clg, white (436) ; and by 
solutions of lead salts, when not very dilute, as lead chloride, PbCl,, white 
(390). Silver nitrate solution is the most complete and convenient pre- 
cipitant for chlorides. Exceptions: HgCl, does not precipitate lead salts. 
The chlorine in green Otfi\ is incompletely precipitated by AgNO, (Peli- 
got) ; whilst from a solution of oxychloride of molybdenum in HjSO^ it is 
not precipitated at all (Blomstband). 

843. The properties of the precipitate of silver chloride are given in 
413 and in 409. It is of analytical interest that it is frieely soluble in am- 
monium hydroxide (considerably more freely than the bromide, and far 
more freely than the iodide of silver); soluble in hot, concentrated solution 
of ammonium carbonate (which dissolves traces of bromide, and no iodide 
of silver); insoluble in nitric acid, or but temporarily soluble in strong 
nitric (as in hydrochloric) acid, and precipitating again on dilution. It 
should be observed, that it is appreciably soluble in solutions of chlorides, 
and in ammonium nitrate ; hence, in re precipitating traces of it, by nitric 
acid, from the ammonia solution, if there is excess of ammonium hydroxide, 
this should first be expelled : 

2Ag01 + 3NH4OH = (NH3)8(Ag01)a + 3H3O 
(NH3)8(AgCl)a + SHNOs = 2Ag01 + 3NH4NOa 

844. Oxidizing agents (with heat) decompose hydrochloric acid. 
The action of majiganese dioxide is formulated as follows : 

4HC1 + MnOti = MnCla + 2H,0 + CI, 
Or: 2NaCl + 2HaS04 + MnO, = NaaS04 + MnSOf + 2H3O + CI, 

For more complete statement of the oxidation of HCl see 851. 

This reaction is applied in the manufacture of chlorine, which is dis- 
tilled from the mixture, and can be used in analysis for evidence of chlo- 
rides. 

A test for traces of free hydrochloric acid, in distinction from metallic 
<3hlorides, is made by heating the solution with MnO,, without adding an 
acid, and distilling into a solution of potassium iodide and starch. Larger 
proportions of HCl are more frequently separated by distilling it intact. 

845. The reaction with chromic anhydride is in use as a test for hydro- 
chloric acid, more especially in presence of bromides : 

a. 2HC1 + CrOs = CrCaCls (clilorochromic anhvdride) + HaO 
h. 4NaCl + KaCr^OT + 8H,S04 = 

20rO,Cla + 2Na,S04 + KaSO* + 3HaO 

To obtain a rapid production of the gas, so that it may be recognized by it: color, 
the operation may be made as follows : Boil a mixture of solid potassium dichromate 
and snlphiiric acid, in an evaporating-dish until bright t^^, «»\A\Xjk&\!k.«J^^ >Owfe 's^S^'^^ec^^^ 
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to be tested, in powder — obtained, if necessary, by evaporation of the solution. If chlo- 
rides are present, the chromium dioxy-dichloride rises instantly as a bright brownish-red 
gas. The didii\^tion from bromme requires, however, that the material, which may be 
in solution, should be distilled, by means of a tubulated flask or small retort, the vapors 
being condensed in a receiver, and neutralized with an alkali (c and d). The chro- 
mate formed makes a yellow solution (bromine, a colorless solution). As conclusive evi- 
dence of chlorine, the chroraate (acidified with acetic acid), with lead acetate, forms a. 
yellow precipitate (bromide, a white precipitate, if any): 

c. OrOaCla 4- 2JB2O = HaCr04 -h 2H01 

d' OrOaOla -h 2(NH4)OH = (NH4)QOr04 -h 2H01 

846. The action of nih'ic acid with liydrochloric acid results from the 
mixture of the two acids, well known as nitro hydrochloric acid, or **aqua 
regia." and used for its free chlorine. Both nitrogen oxychloride and ni- 
trogen oxydichloride are formed ; their relative proportion varying with 
different conditions : 

(Nooia + on 

3H01 + HNO, = \ [ + 2HaO 

. ( or NOOl + 201 ) 

The reaction occurs quite promptly in the concentrated acids without 

heat, but more rapidly with heat ; very slowly in moderately dilute acids, 

and only to a slight extent if the acids are very dilute. 

847. The three chlorides insoluble in water (840) are not transposed or dissolved by 
acids, except that mercurous chloride is dissolved, by nitric acid and by chlorine, as mer- 
curic salt. They are dissolved for analysis by decomposition with alkali hydroxides. 
ilgCl or PbOla is dissolve*! as sodium chloride, after fusion with sodium carbonate on 
charcoal (a), or in a porcehiin crucible {b)i 

a, 4Ag01 + 2Na2003 + O = 4Ag + 4Na01 + 300, 
h. PbOla + Na.OOa = PbO + 2Na01 + OOa 

848. Heated in a bead of microcosmic salt, previously saturated with copper oxide in 
the inner blow-pipe flame, chlorides impart a blue color to the outer flame, due to copper 
chloride. 

849. Estimation. — (1) It is precipitated by AgNO,, washed, and, after 
ignition, weighed as AgCl. (2) By a standard solution of AgNO,. A lit- 
tle Na^HPO^, or, better, K^Cr^O^ is added to the chloride to sliow the end 
of the reaction. When enoug 1 AgNOg has been added to combine with the 
chlorine the next addition gives a yellow precipitate with the phosphate, or 
a red with the chromate. 

850. Chlorides may be made, a, by direct union of the elements, mostly 
without heat. Whether an ous or ic salt is formed depends upon the 
amount of chlorine used. h. By the action of hydrochloric acid upon the 
corresponding oxides, hydroxides, carbonates, or sulphites. The solutions 
formed may be evaporated to expel excess of acid. If tiie chlorides thus 
formed contain water of crystallization it cannot be removed by heat alone, 
for part of the acid is by this means driven off, and a basic salt remains. If 
the anhydrous chloride is desired, it may always be made by a, and when; 
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thus formed may be sublimed without ilecomposition. c. Chlorides of the 

first group are best made by precipitaticm. Exception : Mercuric chloride 

does not precipitate lead salts, d, Metals soluble in hydrochloric acid 

evolve hydrogen and form chlorides. In these cases ous, and not ic, salts 

are formed. 

e. Many chlorides may be formed by bringing HgCl, in contact with 

the hot metal. 

851. Oxidation.— For some properties of hydrochloric acid consult 

834 i. For action on HNO, se^ 846. 

HCIO a. Forms chlorine and water. HCIO + HCl = CI, + H,0. 

HCIO3 h. Gives either free chlorine or a varying amount of the several ox- 
ides of chlorine \^Storer^s Quantitative Analysis, 119]. 

HBrO, c. Forms free bromine and chlorine. 

HIO3 d. In dilute solution, no action. If concentrated, yellow chloride of 

iodine, ICl,, is formed, not taken up by carbon disnlphide* 
On boiling, some free iodine is separated, which colors the 
carbon disulphide. 
e. In all cases where metals are dissolved in hydrochloric acid, hy- 
diogen is evolved. In such cases it is an oxidizing agent, the 
chlorine of the acid not changinor its bonds, but the hydrogen 
is changed from combined, in v^hich it is plus, to free hydro- 
gen, where it has no bonds, thereby losing one bond. Or, aa 

explained in 614, (HJ° = (H +'H-')°. 
For its action on oxides see 834 ?*. 

PbjO^ and PbO, /*. Form plumbic chloride and chlorine. 

Mn" ^^ g. Becomes Mn" and (ClJ^ is formed. That is, all compounds of 

manganese having more than two bonds are reduced to the 
dvad, with evolution of chlorine. In case of dilute K^Mn^O^ 
this change is jueceded by formation of manganese peroxide 
[aS'. U, Pickering, Jour. Chem. Society , 35, 654]. 

Co''' and Ni'' It, Are changed to cobaltous and nickelous chlorides, with 

evolution of ehlorine. 

Pe^ i. With the excep'tion'of ferrates,' as K,PeO^, which forms ferric chlo- 
ride, the compounds of iron are not reduced. 

Cr^. Foims chromic chloride, and chlorine is evolved. 

HYPOCHLOROUS ACID. HCIO. 

862. Oxidation valence H'Cl'O-" 

Structural valence H-O-Cl 

Vapor density of the anhydride, C1,0, 43 5 

Hypochlorous anhydridp. ClaO, can be obtained at -20" C. (-4° F.), by the reaction, 
HgO + 201a = CI2O + HgCla, as an orange-colored, explosive liquid, gaseous at ordi- 
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nary temperatures, and decomposing, spontaneously and sometimes violently, into chlo- 
rine and oxygen. It dissolves in water, forming hypochlorous acid, HCIO. 

Hypochlorous acid, in aqueous solution, is a yellow liquid ; when strong, decompos- 
ing rapidly at 0* C. (32" F.); when dilute, decomposing gradually by boiling (a); decom- 
posed by hydrochloric acid (ft), and by metals (c) — its decompositions f arnishiug chlorine 
or oxygen, or both chlorine and oxygen. 

a. 4H010 = 2H,0 + 2Cla + Oa 

h. HCIO + HCl = HaO + CI, 

c. 2HC10 + 2Zn = ZnO + ZnCla + HsO 
4HC10 + 4Ag = 4AgCl + 2HaO + Oa 

853. The H3rpochlorites ate formed by treating buses with chlorine (short of satura« 
tion), as shown in 6, 833. The calcium hypochlorite and chloride, mixed or combined 
together as formed by action of chlorine upon calcium hydroxide, is in very extensive use 
—as chlorinated lime, or '* chloride of lime " [CaCl, -f-Ca(C10)a, or 2Ca(OCl)CI]. The 
sodium hypochlorite-and chloride — mixed as formed by chlorine in solution of sodium 
hydrate or sodium carbonate, or by double decomposition between solution of the calcium 
hypochlorite-and-chloride and solution of sodium carbonate — is pharmacopoeial, under 
the name of solution of chlorinated soda (NaCLNaClO). The chemical structure of 
these important chlorinated compounds has been difficult to ascertain. 

854. Hypoclilorites are very instable, whether solid or in solution, de- 
-composi ng by the weakest acids, by the carbonic acid of the air (a), and by 
heat (^), also to some extent at ordinary temperatnres. In this manner, 
they act as powerful oxidizing agents. The deportment of hypochlorites is 
jcpresented by the action of chlorine i7i alkali solutions (833 h)\ a con- 
venient agent of especial force, as for tlie decomposition of ammonia (45 h), 

a. A. 2Ca(C10)s + 2OO9 = 2CaOOs + 2Cla + O3 
B. CaCla.Ca(C10)s + 2COs = 2CaCOa + 2Cla 
c. Ca(C10)3.CaCls + 2HaS04 = 2CaS04 + 2H3O + 201s 
D. 4NaC10 + 4HC1 = 4NaCl + 2HaO + 2CI3 + Oa 
h. In boiling solutions: 3Ca(C10)a = Ca(C10s)3 + 2CaCla 
At a higher temperature : Ca(C10s)a = CaCla + 80a 
All hypochlorites are soluble in water; those of the first-group metals 
being especially instable. Their solutions bleach litmus and indigo. 

Silver nitrate, added to the solutions of hypochlorites with chlorides, 
precipitates the chloride, AgCl, at first leaving hypochlorites in solution ; 
while the soluble silver hypochlorite quite rapidly decomposes with tJ^e pre- 
cipitation of chloride and formation of chlorate of silver (a), the latter 
slowly changing to chloride. 

a. 3AgCIO = 2AgCl + AgClOs (corresponding to 6, 854) 

Oxidation. — The oxidizing power of this acid is, in general, the s^me 
iis that of free chlorine. 



Chlorous Acid — Chlorine Peroxide — Chloric Acid. 25^ 

CHIX>BOnS ACID. HCIO,. 

856. Oxidation valence H'cr"0-", 

Structui^l valence H-0-C1=0 

Vapor density of the anhydride, Cl^O,, experimental (H=l), 58.4. 

The anhydride is prepared, according to Millon, by mixing 15 partem 
A8,0„ 20 parts KCIO,, 60 parts HNO3, sp. gr. 1.33, and 20 parts water; 
the temperature is cautiously kept at 25° to 45° C. ; the CIjO, gently dis- 
tills over, and is received in a fliislsf partly filled with water. It should be* 
observed that the amount of As,0, taken is limited ; a larger amount would 
reduce the HCIO, to HCl. Dilute H^SO^ may be used instead of HNO,,. 
and instead of As^O, De Vry uses tartaric acid, Schiel uses cane sugar, and 
Carius uses benzene ; in which cases CO, is also formed. The greenish- 
yellow anhydride passed into water forms the reddish-brown acid, and by^ 
treating this witli hydroxides a few salts have been prepared — e.g., KCIO,, 
NaClO,, AgClO,, Pb(C10J„ Ba(aOj„ Sr(CIO,),. The anhydride ex- 
plodes at 57° 0., forming oxygen and chlorine. Most chlorites are soluble ;. 
silver chlorite sparingly. The acid decolors K,Mn,Og, and bleaches indigo 
solution. If a slightly acidulated dilute solution of a ferrous salt is mixed 
with a dilate solution of chlorous acid, the liquid transiently acquires an 
amethyst tint, and does not assume the yellowish color of ferric salts until 
the lapse of a few seconds (Lenssen). 

CHLORINE FEHOXIDE. CIO,. 

856. Oxidation valence Cl^^O-", 

Structural valence.. ..not satisfactorily determined. 

Vapor density at 30° C. (H = 1) is 33.65. Made by the action of H.SO, 
(a) or Hj,C,0^ (b) upon KCIO,. It is a dark yellow gas, which condenses 
by cold to an orange-colored solid, which melts at -76° C. (Faraday), and 
under 730.9 m.m. pressure boils at 9.9° C. (Schacherl, 1881).. It decom- 
poses explosively by heat, light, or by contact with reducing agents, such 
as F, S, sugar, ether, and turpentine. Passed into KOH forms KCIO, and 
EClO, {c) (Millon). 

a. SEOlOs + 2H3SO4 = 2EHSO4 + K010« + H3O + 2CIO3 
h, 2K010s + 2Ha0304 = KsOs04 + 2H3O + 2C10a + 2COa 
C. 2OIO3 + 2EOH = KCIO3 + EOlOa + H3O 

CHLOKIC ACID. HCIO,. 

Oxidation valence H'Cl^ 0-", 

O 
I 

Structural valence H-0-CI=0 

857. Preparation. — From KCIO,, by adding H,SiF, (a). Or from: 
Ba(C103)„ by adding exactly the required quantity of H,SO^ (S). The^ 
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chlorates of the alkalies and alkaline^eartlis are made by action of excess of 
chlorine upon a hot solution of the hydroxides (c). Other chlorates are 
formed by action of Ba(C103)3 upon the respective sulphates (^), or of 
AgClOj upon the respective chlorides (e). And all may be formed by 
action of the free acid uj)on the corresponding hydroxides or carbonates. 
The mercurous and ferrous salts are very instable, and those of antimony, 
tin, bismuth, and manganese are not with certainty known. The anhy- 
dride, CljOj, has not been isolated. 

a, 2ECIOa + HsSiFe = KsSiF. + 2H010s 

I. Ba(C103)9 + HaS04 = BaS04 + 2H0108 

c. 6B:0H + 3C1, = EOIO3 + 5KC1 + 3HaO 

d. OdS04 + Ba(C10a)ti = BaSO^ + Cd(C10,), 

e. 2AgrC103 + ZnOla = 2AgCl + Zii(C10s)a 

858. Properties. — The aqueous solution may be concentrated in a va- 
cuum until its sp. gr. is 1.282 iind contains 40.1 per cent, of HCIO,. It is a 
colorless, syrupy liquid, having a slight odor, resembling nitric acid. It 
first reddens litmus, and then bleaches it. Chloric acid is somewhat in- 
stable at ordinary temperatures ; when heated, it rapidly decomposes with 
formation of yellow products, including perchloric acid (HCIOJ, chlorine 
and water. It oxidizes organic and other combustible substances with 
violent rapidity. 

All chlorates are resolved by heat into chlorides and oxygen (2KCIO3 = 
2KC1 -|- 30J. In presence of various metallic oxides, etc., the oxygen is 
separated more easily, the metallic oxides remaining unchanged. With 
manganese dioxide, the oxygen of potassium chlorate is obtained at about 
200° C. ; ferric oxide, at 120° C; platinum, black, at 270°. Copper oxide 
and lead dioxide may be used. When triturated or heated with combusti- 
ble substances, charcoal, organic substances, sulphur, sulphites, cyanides, 
thiosulphates, hypophosphites, reduced iron, etc., etc. — chlorates violently 
explode, owing to their sudden decomposition, and the simultaneous oxida- 
tion of the combustible material. This explosion is more violent than 
with corresponding mixtures of nitrates (as in gunpowder, 730). 

859. All the chlorates are soluble in water ; those of the first-group 
bases being somewhat instable in solution. Like nitric and acetic acids, 
chloric acid is not precipitated. Except the mercurous, the least soluble of 
the metallic chlorates is that of potassium, which requires 12 to 16 parts of 
cold water for its solution. Potassium chlorate is only slightly soluble in 
alcohol. Chlorates are usually identified by the gaseous products of decom- 
position (860). 

860. Sulphuric acid causes dissociation of chlorates — if in the solid 
state, Avith detonation, and, unless in small quantities, with violent explo- 
sion ; and with ioYxti-dixon oi greenish-yellow gas, ohlonviQ peroxide. Per- 
chlorate is likewise formed. The gas has the odor, oxidizing and bleaching 
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power of cl)lorine, and it imparts its colo.r to solutions in which it is formed. 
The products vary with conditions, but are chiefly formed as follows : 

3EC10a + 2HaS04 = 2EHSO4 + ECIO4 + 2C10a + HaO 

4010a = Ol'aOs + OlVaOft 

If a dilute solution of a chlorate is colored light blue with the solution of indigo in 
sulphuric acid, and the solution kept cold, no bleaching occurs, even with the further 
addition of dilute sulphuric acid. But, on addition of solution of sodium sulphite, the 
color soon disappears, by formation of chlorine or its oxides. 

861. Hydrochloric acid decomposes chlorates, rapidly when heated, with the forma- 
tion of free chlorine and chlorine peroxide — the mixture called euchlorine. The gas 
and solution have the color, odor, and bleaching effect of chlorine, intensified. This is a 
ready and effective means of generating chlorine for analytical purposes. The propor- 
tion of free chlorine to oxidized chlorine is variable, the subjoined equations showing the 
character of the results. According to Bunsen, sometimes only free chlorine is pro- 
duced; at others, only CI2O; at others, both gases are evolved, and occasionally Ol^Os 
is formed. 

2K0108 + 4H01 = OlaO 4- OlaOs -f- 2H,0 + 2K01 

2KOIO3 -f- 4H01 = 2K01 + 2010a + OU -h 2H,0 
3KOIO3 + lOHOl =r 3K01 4- 2010a 4- 401, + 5H,0 
4K010s + 16H01 = 4K01 4- 2010, 4- 701a 4- 8HaO 

EOlOa 4- 6H01 = KOI 4- 301a 4- 3HaO 
2ECIO3 H- 6H01 = 2KC1 4- 301aO 4- 3HaO 
2K0108 4- 8H01 = 2K01 4- 201aO 4- 201a 4- 4HaO 

If a solution of a chlorate be acidified with dilute sulphuric acid, and 
zinc added, the liberated chloric acid is reduced to hydrochloric acid by the 
nascent hydrogen. If a dilute solution of an alkaline chlorate is boiled 
with a copper-zinc couple,* it is completely reduced to chloride with 
separation of oxide of zinc (Thorpe and Eccles). 

Chloric acid behaves like nitric acid with brucine (Luck), diphenyla- 
mine, paratoluidine, and phenol, dissolved in concentrated sulphuric 
acid, or at all events the reactions are so similar that the two acids cannot 
be distinguished with certainty by these reagents. • Chloric may, however, 
be distinguished from nitric acid by its action on phenol in hydrochloric 
acid solution (compare 728), inasmuch as the chloric acid produces an 
orange-red turbidity. 

862. Estimation. — (1) Eeduce the chlorate to a chloride by dilute 
H^SO^ and Zn, or if it is an alkaline chlorate, by fusion. It may then be 
estimated as a chloride. (2) Add HCl and KI, and determine the liberated 
iodine by standard solution of Na^S^Oj. Which of the products of decom- 
position given above may actually be formed, whether all or only certain of 
them, cannot be foreseen. But no matter which of them may be formed, they 
all of them agree in this, that, in contact with solution of potassium iodide, 
they liberate 6 atoms of iodine for every molecule of HCIO,. 

* Gladstone and Tribe's copper-zinc conple is prepared by treating thin zinc foil with a 1 per cent, solu- 
tion of copper sulphate until the'zinc is covered with a black deposit of reduced copper. When washed and 
dried it is ready for use. 
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863. Oxidation. — Alkali clilomtes when fUsed with an alkali, or an 
alkali carbonate, and a free metal or a lower oxide, or salt of the metal^ 
generally oxidizes it to a higher oxide, or to a salt having au increased num- 
ber of bonds ; and the chloi-ate is reduced to a chloride — e.g., Mn^^ - ^ be- 
comes Mn^. That is, any compound of manganese having less than six 
bonds is oxidized to the hexad (a). In equations {h) and {c) the sulphur is- 
also oxidized. Or'" becomes Cr^' (</). Sb^ - ^ becomes Sb^ (e). As^ - » 
becomes As^ (/). Pb'^ -» becomes Pb^^ {g). Fe"'-« becomes Fe"' (1i). 
Cto'" - ** becomes Co'" {/). Also C*^ - "• becomes 3'^ {j). pv - » becomes 
pv {k). T^-n, becomes I^ (/). S^'-'* becomes S^^ {m). 
a. 3Mn,04 + 18EOH + 5E010, = OEaMnO^ + 5KC1 + OH^O 
h. MnS + 2KaOOs + 2KGIOs = KaMn04 '■¥ ILh^Oa + 2E01 + 200^ 

c, MnSaOs + 6EOH + EGlOs = K3Mn04 + 2KaS04 + EOl + 3HsO 

d, OraOle + lONaOH + NaOlO, = 2NaaOr04 + TNaCl + 5H3O 

e, eSbOla + 18EOH + 2ECIOs = SSb^Ofr + 20EO1 + 9HaO 

/. 3AS4 + 36B:0H + lOKClOa = 12K,As04 + lOKOi + I8H3O 
g. 3Pbs04 + NaaOOs + 2Na010a = 9PbO, + 2Na01 + NaaOO, 
h. ePeSOs + 12EOH + 3E0108 = 3Fea03 + 6EaS04 + 3E01 + 6H,0 
i. eOoOla + 12EOH + ECIO3 = aCcOs + 13E01 + 6HaO 
/. 3Mn04H40e + 3K<,00, + TKOIO, = 3E,Mn04 + 7K01 + ISOOa + 6HaO 
k, 3Fb(HaP09)a + 18EOH + 5KC310s = 3FbOa + OKsPO* + 5K01 + I5H9O 
Z. Znia + EaOOs + 2EC108 = ZnO + 2KIO. + 2K01 + CO3 
m.3E3S60e + 12Ks008 + lOEOlOa = 15E.SO« + lOECl + 1200, 
Free chloric acid is a strong oxidizing agent, and if an excess of tha 
reducing agent is used, it is converted into HCl, or a ciiloride, but if heat 
be employed the chloric acid splits up and some free chlorine, or its oxides, 
may be formed. For its action on acids already given, see 'S.fiJO^^ 659 ^ 
H3PO,, 756 ; HCNS, 702 ; H,Pe(CN)^ 691 ; H,Pe,(CN),,, 694 ; H,S, 785 ;. 
H,SO„ 813 ; HCl, 861. 

HBr a. Forms bromine. 

I h. Forms HIO,. 

HI c. Forms first 1° then F (free iodine and iodic acid). 

Hg' d. Forms Hg". 

Sn" e. Forms Sn^. 

Sb'^' /. Foi-ms Sb^. 

Ab"' g. Forms Ab^. 

Pe'' h. Forms Pe'". 

Ou' i. Forms Cu". 
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FEHCHLOBIC ACID. HCIO,. 

Oxidation valence H'C1^0-'\ 

O 
I 

Structural valence H-0-Cl=0 

I 

O 

864. Potassium perchlorate is first formed by lieatiiig KCIO, to about 
350° C. {a), and, after separating the chloride by washing, it is treated with 
concentrated H,SO^ and distilled, the HCIO^ passing into the receiver (S). 
Or it may be made by evaporating a solution of chloric acid (c). 

a. 2EC108 = EOIO4 + EOl + O3 
h. 2EOIO4 + HaS04 = EaS04 + 2HOIO4 
C. SHOlOa = 4HOIO4 -f- 2HaO + 201a 4- 30a 

The pure perchloric acid is a colorless, very heavy liquid (sp. gr. 1.782), 
which soon becomes yellow from decomposition. It cannot be kept for any 
length of time. When heated, it undergoes decomposition, often with ex- 
plosion. In its oxidizing properties it is more powerful than chloric acid. 
It burns the skin in a very serious manner, and sets fire to paper, charcoal, 
etc., witli explosive violence. This want of stability, however, belongs only 
to the pure acid. If water be added to it beat is evolved, and a dilute acid 
of a far greater permanence is obtained. Diluted perchloric acid does not 
even bleach, but reddens litmus in the ordinary way. 

Hydrochloric acid, nitric acid, and sulphurous acid do not decompose 
aqueous solutions of perchloric acid or perchlorates ; solution of indigo, 
therefore, previously added to it, is not decolorized (difference from all other 
acids of chlorine). The alkaline perchlorates are not reduced by the cop- 
per-zinc couple (distinction from chloric acid, 861). 

All the metallic perchlorates are soluble in water ; potassium perchlo- 
rate requiring 58,partfi (rubidium perchlorate, 92 parts) of water at 21° C, 
the other metals forming salts more freely soluble. The potassium salt is 
insoluble in alcohol. In ignition^ perchlorates act very much like chlorates, 
but more explosively. 




BBOMINE. Br = 79.768. 

Oxii^Pion valen» of free bromine (B'^s)° 

Structural v^^pe of free bromine Br-Br 

865. The vapor dgffifty at 100° C. (H = l) is 80, showing that the 
molecule is Br„ but at 1570° 0. (Meyer and Zublin, Berichte, 13, 405) 
it is 53.33, which wouid make the molecule about ^Br,, the molecules 
undergoing partial dissociation into atoms. Solidifies at -7.2** C. 
(Philipp, 1879). Boiling point, 59.27° C. (Thorpe, 1880). 
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Occurrence. — It is never found free, but usually as a bromide of K, Na, 
or Mg. Found in sea-water, sea-weeds, and salt springs. 

Preparation. — (1) The mother-liquor from the salt wells is condensed 
by evaporation, and the greater portion of the NaCl, Na^SO^, MgSO^ is 
separated by crystallization. By the old method the NaBr is then treated 
with chlorine (a), an excess of chlorine being avoided, which would form 
bromine chloride. The solution is then shaken up with ether, which ab- 
sorbs the bromine. Then the ether sohition is shaken with solution of 
KOH, which forms KBr and KBrO, (b). The ether is separated and is used 
again for the same purpose. The mixed KBr and KBrO, is then ignited 
(6-). It is then distilled with MnO, and H,SO^ (d). If any iodine is pres- 
ent it is removed by precipitation as cuprous iodide, and the last traces of 
chlorine are removed by adding KBr and redistilling (compare a). If the 
anhydrous bromide is required it is distilled from fused CaCl,. (2) A later 
method is to add the necessary MnO, and H,SO^ directly to the mother- 
liquor and distill off the bromine. The ase of ether is omitted, KOH or 
NaOH is added to the distillate, which is then treated as in (1). 

a. 2NaBr + Ola = 2NaOi + Br, 

h, 6EOH + 3Bri => EBrOs + 5KBr + 3HaO 

e, 2KBrOs (ignition) = 2KBr + 30« 

d. 2EBr + 2HaS04 + MnOa = K«S04 + M11SO4 + 2HaO + Br, 

866. BROMINE, at ordinary temperatures, is a brown-red, intensely 
caustic liquid, freely evolving brown-red, corrosive vapors of a suffocating, 
chlorine-like odor, and boiling at 47° C. (117° F.) It is soluble in 33 parts 
of water, with an orange-yellow color ; and freely soluble in alcohol, ether, 
chloroform, and in carbon disulphide — with the same or a deeper color. 
Carbon disulphide, and chloroform, after agitation with its dilute water 
solutions, remove the bromine as a subsiding liquid in a yellow to red-brown 
layer; ether, less perfectly, in a supernatant layer of the same color. It 
dissolves colorless in alkali hydroxides, with combination, forming bro- 
mides and bromates. The change corresponds exactly to that of chlorine, 
as shown in equation h, 833, and 865 b. It dissolves, without combination or 
loss of color, in solutions of hydrobromic acid, and of bromides. Its water 
solution is permanent, but sunlight decomposes it thus : 

2Bra + 2HaO = 4HBr + O, 

In vapor or solution, bromine bleaches litmus and indigo; colors starch- 
paste yellow ; precipitates silver salts, yellow-white, bromide and bromate 
(as by equation c, 833); and lead salts, white. Bromine decomposes hydro- 
sulphuric acid with separation of sulphur, and subsequent production of 
sulphuric acid ; changes ferrous to ferric salts, and (in presence of water) 
acts as a strong oxidizing agent. It displaces iodine from iodides, and is 
displaced from bromides by chlorine ; its character being intermediate 
between that of chlorine and that of iodine. 
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The A.cid8 of Bromine are : 

Hydrobromic acid, HBr"'. 
Hypobronious ucid, HBr'O. 
Bromic acid, HBr^O,. 

867. Estimation. — (1) The bromine is made to act upon Kl, and the 
iodine which is liberated is estimated by standard solution of NajS^O,. (2) 
It is estimated by the amount of As.O, which it oxidizes in alkaline solu- 
tion. (3) It is converted into KBr by H,S or H^SO,, and then precipi- 
tated by AgNO,, and weighed as AgBr. 

868. Oxidation. — Bromine as an oxidizing agent is intermediate in 
strength between chlorine and iodine. In presence of acids it never acts as 
a reducing agent. In oxidizing it becomes Br""'; that is, hydrobromic acid 
or a bromide. For its action upon H^C^O^, see 659 ; H3PO3, 756 ; H,S, 
785 ; H,SO„ 813 ; 01, 834 ; HONS, 702 ; H,Pe(ON)., 691. 

fivi— n ^^ Becomes S^ in alkaline and acid mixture. 

HI i. Forms 1° and HBr. In presence of alkali hydroxides^ forms a 

bromide and iodate 

Pb" and PbjO^ c. In alkali mixture become PbO,. 

Hg" - » rf. Forms Hg" in alkaline and acid mixture. That is, both metal- 
lic mercury and mercurous compounds are oxidized to mer- 
curic compounds. 

As^-** e. Forms As^ in alkaline and acid mixture. That is, free arsenic 

[As° or (AsJ°] and the triad arsenic are changed to the 
pentad. 

Sb^ - n y. Forms Sb^ in alkaline and acid mixture. 

Sniv -n g^ Becomes Sn^^ in alkaline and acid mixture. 

ULriy^-n h. Becomes Mn^ with alkalies, not with strong acids. 

Or"' i. Becomes Or^ " " " 

Ni" y. Becomes Ni'" " ' " '' 

Co" and Oo,0^ h. Becomes Oo"' with alkalies, not with strong acids. 

Pe"' ~ ** ?. In acid mixture becomes Pe'". 

Pevi - n ^. In alkaline mixture becomes Pe^ (a ferrate). 



HYDBOBBOMIO AOID. HBr. 

Oxidation valence H'Bir' 

Structural valence H-Br 

869. Vapor density (H = 1), 39.1. Condenses to a liquid at -69° 0., 
«nd solidifies at -73° C. (Faraday). 

Preparation. — Bromine does not combine with hydrogen, even in the 
sunlight ; but if the mixed gases are passed over hot platinum sponge, com- 
bination results. It is prepared : (1) By action of Br on P and subsequent 
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distillation. Either variety of P will answer, but the amorphous is safer, 
(2) By adding H,PO^ to KBr and distilling, precautions being taken to 
prevent bumping. (3) By distilling two parts of CaBr,, two parts H,SO^, 
and one part H,0 (Beutrand, 1876). (4) By action of Br on H,PO^ or on 
Ca(H3PO,)3 and distilling. (5) By action of Br on Na,SO,. (6) By heat- 
ing Br with paraflSne, HBr distills over and the residue is chiefly carbon. 
(7) By adding to BaBr, exactly enough H,SO^ and decanting. (8) If made 
by action of H,SO^ on KBr it generally contains free bromine. (9) By add- 
ing HjS to the bromides of the fir^t.and second group metals. (10) By 
adding Br to an excess of H,S solution, and removing H,SO^, if any be pro- 
duced, by adding Ba(OH), or BaCO, and distilling. 

1. P4 + lOBra + 16H,0 = 4H,P04 4- 20HBr jf 

4. Oa(HaPOa)a -h 4Br, + 4HaO = OaH4(P04)« -f- BHBr 

5. NaaSOs + Bra + HaO = NaaS04 + 2HBr 

• 870. Properties. — HBr is a colorless gas, fuming in moist air and hav- 
ing a very irritating odor. Its aqueous solution is colorless and not decom- 
posed by exposure to the air. Water saturated at 0° C. contains 82.02 per 
cent, of HBr, and its sp. gr. is 1.78, very nearly HBr.H^O (Bineau). If a 
saturated solution is boiled, chiefly HBr is given off, and if a dilute solu- 
tion is boiled, chiefly H^O is given off, until in both cases the remaining 
liquid contains 47.38 to 47.86 per cent, of HBr, its sp. gr. 1.485, its boiling 
point constant at 126° C, and its composition almost exactly HBr.5H,Oy 
which distills over unchanged. Its vapor density of 14.1 agrees with the 
calculated vapor density of HBr.5H,0. 

871. The solubilities of the bromides lie intermediate between those of 
the chlorides and those of the iodides, not differing much from the former. 
In general terms, all bromides are soluble in water, except those of the firsts 
group bases. Further, mercuric bromide is only sparingly soluble in watei*. 
Lead bromide is less soluble than lead chloride. Bismuth bromide is de- 
composed by water, to a greater extent than bismuth chloride (364), and 
antimonious bromide is decomposed by water. Cuprous bromide is formed 
as a precipitate by reduction from the soluble cnpric bromide. 

The double bromides of lead and potassium or sodium, and of silver and 
potassium or sodium, are soluble in a little water containing alkali bro- 
mides as concentrated solutions, but are decomposed by much water ; the 
potassio and the sodio mercurous and mercuric bromides are soluble in 
water. 

In alcohol, the alkali bromides are sparingly or slightly soluble ; calcium 
bromide, soluble ; mercuric bromide, soluble ; mercurous bromide, insolu- 
ble. 

Silver bromide is sparingly soluble in aminonium hydroxide ; nearly in- 
soluble in ammonium carbonate solution. 

In analysis, bromides are usually identified by the color of a carbon* 
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disulphide solution of free bromine, iodine, if present, being first removed 
(873). 

872. Silver nitrate solution precipitates, from solutions of bromides, 
silver bromide, AgBr, yellowish-wliite in the light, slowly becoming gray to 
black. The precipitate is insoluble in, and not decomposed by, nitric acid, 
sparingly soluble in concentrated aqueous ammonia, nearly insoluble in 
concentrated solution of ammonium carbonate, slightly soluble in excess of 
alkali bromides, soluble in solutions of alkali cyanides and thiosulphates. 
It is decomposed by chlorine. 

^ Solution of mereurous nitrate precipitates mercurous bromide, Hg,Br„ 
yellowish-white, soluble in excess of alkali bromides. 

Solutions of lead salts precipitate, from solutions not very dilute, lead 
bromide, PbBr,, white (391 and 871). 

873. Sulphuric acid decomposes all bromides, except those of silver 
and mercury: when dilute, mostly with production of hydrobromic acid; 
when concentrated, chiefly with formation of bromine. The vapor from 
the hot mixture reddens or bleaches litmus ; has the yellowish-brown color 
and suffocating odor of bromine, and when cooled colors starch-paste 
yellow. 

Chlorine- Water separates the bromine much more quickly and com- 
pletely, giving better results in dilute solvations, but in excess it decolors 
the bromized starch. 

The more delicate test is made by adding carbon disulphide,'*' then 
dilute chlorine-water, drop by drop, in the cold solution ; then agitating, 
and allowing the heavier liquid to subside (866). The presence of bromine 
is indicated by ayelloiv color, or if there is much bromine a yellowish-brown 
to brownish-red color. Iodine colors violet If free iodine is present, bro- 
mine cannot be identified, by its vapor, its color with starch, or its color in 
solution with carbon disulphide. All the indine of iodides will be liberated 
before any of the bromine can be : therefore, before these tests can be made 
for bromine, the iodine must either be oxidized to iodic acid, or wholly ex- 
pelled. 

Dilute hydrochloric acid will not color dilute solutions of bromides, or, 
in absence of oxidizing agents, yield color to disulphide of carbon. 

Bromides of potassium, sodium, and of most other metals, are not decomposed by 
ignition. Silver bromide melts undecomposed ; but is slowly reduced, and blackened, 
in the air and by light. 

Tested in the cupric bead, according to 848, bromides give a greenish-blue color to 
the outer flame — not very marked. 

• 

* Carbon disulphide is a better color solvent, for bromine or iodine, than chloroform, and far better 
than ether. It must be free from sulphurous or sulphuric acids. Saturated chlorine-water is liable to act 
on carbon disulphide, giving it a yellow color, simulating bromine. On adding alcohol to this yellow liqu'd 
«ulphur precipitates. Hence the direction to use dilute chlorine-water, and avoid excess. 
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874, Metallic bromides are formed : (1) By direct union of the elements^ 
but in a few cases heat is required to effect the combination. (2) By 
action of HBr upon the metallic oxides, hydroxides, and carbonates). 
(3) Many bromides are formed by action of HBr on the free metal, ous 
salts and not ic being formed. (4) Bromides of the first group are best 
made by precipitation. (5) Bromides of K, Na, Ba, Si, and Ca are made 
by the action of bromine on their hydroxides and subsequent fusion. 

6EOH + 3Brs = EBrOs + 5KBr + 3HsO 

2EBrO, (ignited) =; 2EBr + SO, 
876. Estimation. — Gravi metrically, it is precipitated by AgNO,^ and, 
after ignition, weighed as AgBr. (2) Volumetrically (in same manner as 
HCl) by standard solution of AgNO,, using K^Cr^O, to show when the re- 
action is complete. (3) It may be oxidized to free bromine and estimated 
as in 867. 

876. Oxidation. — a. The bromine of HBr can never act as an oxidizing 
agent, for the reason that it is already reduced to its very lowest state of 
oxidation. When zinc is oxidized by HBr the change in bonds may be ex- 
pressed thus : Zn° + 2H'Br-' = Zn"Br-', + (HJ°. That is, the zinc gains 
the two bonds lost by the two atoms of hydrogen, and the bonds of the bro- 
mine remain unchanged. When HBr acts as a reducing agent free bro- 
mine is formed, except that in alkaline mixture a bromate is produced. 

HjSO^ h. Dilute, no action ; concentrated becomes SO,. 

CI c. In acid mixture forms HCl and Br°, but in alkaline mixture 

forms a chloride and bromate. 
HCIO e. Same as free chlorine. 
HCIO3 /. Forms chiefly HCl. 
HBrOj g. Both acids are changed to free bromine. 
HIO3 h. Forms 1° and Br° (free iodine and free bromine). 
Pb" ^ ^ l Becomes Pb". 

Sbv y.. Becomes Sb^. ^ ,. , ^ .^ ^ , , ^ f .^ , 

Bi^ k. Becomes Bi"'. ^ > 

Mn" + » /. Becomes Mn". 
Co'" m. Becomes Co". 
Ni'" n. Becomes Ni". 
Cr^ 0. Becomes Cr'". 

Fe^ p. Becomes Pe'". 

HYPOBROMOUS ACID. HBrO. 

Oxidation valence H'Br'O"" 

Structural valence H-O-Br 

877. The anhydride, Br,0, has not been isolated. A solution of the 
acid is obtained by action of Br on HgO, in presence of H,0. 

HgO + 2Bra + HaO = HgBra + 2HBrO 
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On warming, the HBrO is decomposed at 60° C. But it may be distilled 
unchanged in a vacuum at 40° C. HBrO is also formed by action of Br 
on Ag,0 or on AgNO,. The hypobromites of K, Na, Ba, Ca, Sr may be 
formed by adding Br to an excess of the cold hydroxides. Aqueous HBrO 
is a yellow liquid, very instable, and a strong oxidizing and bleaching 
agent. The hypobromites are more instable than the corresponding hypo- 
chlorites. 



BROMIC ACID. HBrO,. 

Oxidation valence ^ . . .H'Br^O~", 

O 
I 

Structural valence H-0-Br=0 

878. The anhydride, Br^O^, has not been isolated, and the acid, HBrO,, 
is known only in solution. The bromates of K, Na, Ba, Sr, and Ca are 
made by action of Br on the hot hydroxides (a); also by treating Br with 
CI in presence of the hydroxides (J), and separating it from the bromide 
either by alcohol or recrystallizing. The remaining bromates may be made 
by adding bromic acid to the hydroxides or carbonates. Those of the first 
group and a few others are best made by precipitation. Free bromic acid 
may be made by action of Br on AgBrO, (c), or by adding exactly enough 
H,SO, to Ba(BrO.),. 

879. Properties. — It may be concentrated in a vacuum until it contains 
50.59 per cent. HBrO,. Under ordinary atmospheric pressure decomposi- 
tion begins when the liquid contains 4.27 per cent. HBrO, ; Br, O, and H,0 
being formed (d). 

The bromates are all decomposed by heat, some forming a bromide and 
O — e.g,y the bromates of the alkalies, Hg. and Ag (e). Some forming an 
oxide and Br — eg,, bromates of Mg, Al, and Zn (/). Others a mixed 
oxide and bromide — e.g,y bromates of Pb, Cu, etc. When fused with re- 
ducing agents bromates explode like chlorates. 

a. 6EOH + 3Br2 = EBrOs + 5KBr + 3HaO ' 

h. Bra + 12KOH + 501a = 2KBrO, + lOKOl + 6HaO 

c. 5AgBr03 + SBra + 3HaO = 5AgBr + 6HBrOs 

d 4HBr03 = 2HvO -f- 2Br2 + 50a 

e, 2EBrO, = 2KBr + 30a 

/. 2Zn(BrO,)a (at 200° C.) = 2ZnO + 2Bra + 50, 

880. All the bromates are soluble in water ; those of the flrst-proup bases but spar- 
ingly soluble. Silver nitrate precipitates, in solutions not very dilute, st'/vcr ftrcww^e, 
AgBrOs, white, very sparingly soluble in water, soluble in ammonium hydroxide, not eas- 
ily soluble by nitric acid, its color and solubility in ammonium hydroxide differing a little 
from the bromide (872) It is decomposed by hydrochloric acid with evolution of bro- 
. mine — a distinction from bromides and from other argentic precipitates. 
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881. Sulphuric, hydrochloric, and nitric acids liberate bromic acid from metallic 
bromates. With very dilute sulphuric acid, in cold dilute solution of pure bromate, 
very little bromine is set free — the HBrOa mostly mmaining for some time intact, and 
the solution colorless, so that carbon disulphide will not extract much color. The gra- 
dual decomposition of the HBrOs is first a resolution into HBr and O, and as fast as 
HBr is formed it acts with HBrOs, so as to liberate the bromine of both acids. Now, 
if the solution contained bromide as* well as bromate, an abundance of free bromine is ob- 
tained immediately upon the addition of dilute sulphuric acid in tlie cold. 

882. Uence, if dilute sulphuric acid in the dilute cold solution does not color the car- 
bon disulphide, and if the addition of solution of pure potassium bromide immediately 
develops the yellow color, while it is found that no other oxidizing agent is present, we 
have corroborative evidence of the presence of a bromate. And, if we treat a solution 
known to contain bromide with dilute sulphuric acid and carbon disulphide, and obtain 
no color, we have conclusive evidence of the absence of bromates. 

A mixture of bromate arid iodate, treated with hydrochloric acid, furnishes bromine 
without iodine, coloring carbon disulphide yellow. 

The ignited residue of bromates (879), in all cases if the ignition be done with sodium 
carbonate, will give the tests for bromides. 

883. OzidQption. — a. When bromic acid is reduced an excess of the 
reducing agent usually produces HBr or a bromide. But with a few reduc- 
ing agents only free bromine is formed, h. For action upon "Kfifi^ see 
659 ; HCNS, 702 ; H,Pe(CN)., 691 ; H3PO,, 756 ; H,S, 785 ; H,SO„ 813 ; 
HCl, 851 ; HBr, 876. 

HI c. Forms Br° and 1°. 

Hg' d. Becomes Hg" and Br*"^ (a bifomide). 

Sn" e. Becomes Sn^^ and Br"^/ - 

Sb'" /. Becomes Sb^ and Bt'-'. 

Pe" g. Becomes Pe'" and Br-'. " 

As'" h. Becomes As^ and Br"' (HBr). 



IODINE. I = 126.£r57. 

Oxidation valence of free iodine (I,)® 

Structural valence of free iodine I-I 

884. Tlie vapor density (H = 1) up to 700° C. is 136.5, showing that the 
molecule is I,. But at 1400° C. it is about two-thirds as much, and on in- 
creasing the temperature a point is reached at which the density is about 
one-half, 63.3, and a farther increase of temperature no longer decreases 
the density — a very significant fact, showing tliat the molecule dissociates 
into atoms, and that the original molecule contains two atoms, and not 
more than two. The sp. gr. of solid iodine (water = 1) at 17° C. is 4.948 
(Gay-Lussac). It melts at 114.15° C, and boils at 184.35° C. (Ramsay 
and You:^G, 1886, Jour, Ohem. Soc, 49, 453). 
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Ooctirrence. — It is found in sea-water, in some salt springs, and in 
some vegetable growths. The quantity of iodine in sea-water is very small, 
but certain sea- weeds have the power of storing it up. 

885. Preparation. — (1) Sea- weed is carbonized by heat in a retort. 
The residue, called kelp^ is lixiviated with water, which dissolves the sodium 
iodide. It now contains carbonates, sulphates, sulphides, etc., from which 
it is partially freed by crystallizing. It is then mixed with one-eighth its 
bulk of HgSO^, and allowed to stand for 24 hours. The CO, and H,S pass 
off, and mucli of the newly formed Na^SO^ crystallizes out. Finally MnO, 
is added, heat applied, and iodine sublimes {«). After all the iodine has 
sublimed the bromine begins to be set free, and is condensed. The amount 
of bromine thus secured is about one-tenth that of the iodine. (2) Another 
method sometimes used is to precipitate the iodine by CuSO^ and PeSO^ (J), 
and then distill the Cu^I, with MnO, and Hj,SO^. (3) When the solution 
contains only traces of iodine, it is freed by nitro-hydrochloric acid, and 
filtered through lamp-black, which absorbs it. KOH solution is then added, 
which dissolves it [c). The residue after evaporation is then sublimed with 
MnO, and H,SO^. 

a. 2NaI + MnOa + 2HaS04 = Na^SOi + ]MbiS04 + 2H3O + la 
h. 2NaI + 2CUSO4 + 2FeS04 = Ou^Ia + Na3s64 + Fea(S04)s 
e. 3Ia + 6EOH = EIO, + 5KI + 3HaO 

8d6. IODINE is solid; in soft scales or hexagonal prisms, with a dark 
iron-gray color and graphitoidal lustre.. It j^^pi'eeipitated as a brownish- 
black powder. It vaporizes very slightly at ^vdinary temperatures — with 
a characteristic odor, resembling chlorine, but more offensive. It melts at 
114.15° C, and boils at 184.35° C; the vapor having an intense, bright 
violet color. 

887. It is slightly solnble in water, dissolving in 7,000 parts ; freely 
soluble in alcohol, ether, chloroform, carbon disulphide, petroleum naphtha, 
glycerine, and in solutions of iodides (including HI). All solutions of un- 
combined iodine have red-brown, brownish-yellow, or violet tints. The 
carbon disulphide solution is violet (marked distinction from bromine), the 
other solutions brownish-yellow (but little darker than those of bromine). 
Solutions by chemical combination are referred to in 889. 

888. Starch-paste is colored blue by a little iodine, violet by a further 
addition of iodine ; and by still greater excess a blue-green (or, in presence 
of bromine, a brown) color is produced. This test is exceedingly delicate 
for iodine.* 

The iodized starch is decolored by heating in solution to 70" or 80° C. 

♦ The unUm qf iodine and starch is probably an example of molecular adhesion rather than of union 
within molecules. When dry starch is saturated with ether solution of 'odine, and exposed for some time 
to the heat of the water-bath, about 4 per cent, of iodine is retained. This corresponds nearly with the 
formula (CgHjoOs^aoI* Prepared under other conditions, it holds 7 to 8 per cent, of iodine (CaHioOs)!©!* 
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(158° to 176° F.), but regains its color on cooling. Its color is destroyed by 
strong chlorine, and by alkalies. 

No compound of iodine colors starch. 

889. Though expelled from combination with bases by chlorine, bromine, nascent 
oxygen, and other strong electro-negatives, iodine acts in many relations as an oxidiziug 
agent, readily entering into combination, as iodides, when acted on by reducing agents. 
On the other hand, in relation to a limited number of active electro-negatives, it may act 
as a reducing ngent, becoming the subject of oxidation, in the formation of iodates. 
Iodine chlorides also are formed, I01», lOli, and lOl. of yellow to brown colors. 

Iodine slowly bleaches litmus and other vegetable colors, and stains the skin yellow- 
brown. 

Odorless solutions are formed by all the alkali hydroxides with iodine ; the fixed 
alkali hydroxides forming iodides and iodates (a). With ammonia in water solution, it 
dissolves more slowly, becoming colorless; the solution contains the most of the iodine as 
ammonium iodide, and liable to deposit a dark-brown powder, termed ''iodide of nitro- 
gens*^ very easily and violently explosive when dry. This substance is a variable substi- 
tution of one, twf), or three atoms of I for H in NHs (45 e). Among reducing agents, 
solutions of thiosalphate3 quickly dissolve and decolor iodine, forming iodides and & 
more highly oxidized acid of sulphur, tetrathionic acid {h). Solutions of sulphites and 
of sulphurous acid convert iodine into colorless hydriodic acid (c).— Arsenious acid in 
alkaline mixture is oxidized to an arsenate, and a colorless iodide is formed {d), Hydrosul- 
phuric Hcid dissolves iodine as hydriodic acid, the solution of which is so prepared (c). 
The ah. all hydroxides^ and redticing agents, decolor iodized starchy by taking its free 
iodine into combination. 

a. 3I2 + 6KOH = 5EI + EIOs + SHaO (corresponding with 883 b). 

b. la + SNa^SaOa = 2V[9l + Na3S406 (compare c). 

c. I3 + HaO + Na^fiOs = 2HI + Na^SOi 

d. HsAsOs + 5NaHOOs + Ia = NasAsO* + 2NaI + 500a + 4HaO 

e. 2Ia 4- 2H2S = 4HI + S3 

The chief Acids of Iodine are : 

Hydriodic acid, HI"', 
Iodic acid, HI^O,. 
Periodic acid, HF"0,. 

890. Estimation. — The estimation of free iodine is important, for upon 
it depends the determination of a large class of substances which liberate 
iodine from KI {e.g., chlorine, bromine, etc.), or which, when boiled with 
HCl, yield CI (e.g.. the higher oxides and metallic acids). The usual method 
is to add a standard solution of Na^S^Og, in presence of a little starch-paste, 
to show when the action is complete. 

2NaaSa08 + la = 2NaI + Na5S408 

891. Oxidation. — When iodine oxidizes it becomes I~' ; that is, either 
hydriodic acid or an iodide. When it reduces it becomes P or P" ; that 
is, iodic acid or an iodate or a periodate. b. For its action on HNO, see 
733; H,Pe(CN)., 691; H,PO,, 750; H,S, 785; H,SO,, 813; CI, 834; 
HCIO,, 863 ; Br, 868. 
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Hg' c. Becomes Hg" in preseuce of alkalies and acids. 

Sn" d. Becomes Sn^ " '' ** 

Sb'" e. Becomes Sb^ in presence of alkalies only. 

As'" /. Becomes As^ 

Mn^^ n g Becomes Mn^ 

Co" h. Becomes Co'" 

Fe" i. Becomes Pe"' 

Cr"' y. Becomes Cr^ 

Ni" i. Is not changed by iodine. 

HYDBIODIC ACID. HI. 

Oxidation valence H'l*^ 

Structural valence • H-I 

892. Vapor density (H = l) is 63.7. At 0° C. a pressure of four at- 
mospheres liquefies it. Under ordinary atmospheric pressure it solidifies at 
-51° 0. (Faraday). 

Preparation. — (1) By action of P on iodine and separation by distilla- 
tion. (2) By adding HjPO^ to KI and distilling. (3) By action of H,S on 
iodine and distilling. 

1. P4 + lOIa + I6H2O = 4H,P04 + 20HI 

2. SKI + H,P04 = K8PO4 + 3HI 

3. 2HaS + 21, = 4HI + S, 

893 Absolute liydriodic acid is gaseons at. ordinary temperatures, but 
freely soluble in water; being easily obtained iu solntion containing 50 
to 60 per cent, of acid, and having a boiling point above that of water^ 
but giving off some vapor at common temperatures. Both the gas and 
the solution are colorless, and redden litmus. Hydriodic acid decomposes 
gradually in the air with separation of iodine — more rapidly at higher 
temperatures; so that the evolved gas is always strongly colored with 
iodine, and t lie exposed solution commences at once to turn brownish- 
yellow with the free iodine dissolved by the acid. The liberated gas has a 
slight chlorine-like odor, and a stronger offensive odor (due to both the 
iodine and hydriodic acid). Upon brief exposure, both the gas and the 
solution give abundantly the reactions of free iodine (with starch, carbon 
disulphide, etc.) 

894. Like hydrochloric and \iyAvohvom\c SLCidiS, hydriodic acid is pro- 
duced hy transposition from the metallic iodides, by the action of dilute 
sulpl^uric acid; but an attempt to separate the HI by distillation would 
result in its decomposition, as shown in equation/. Also, by large excess 
of hydrochloric and hydrobromic acids. The*iodides of silver, lead, mer- 
cury, and tin arc transposed with difficulty by sulphuric acid, more readily 
by hydrochloric acid. 
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895. The iodides (including hydrogen iodide) are decomposed by 
oxidizing agents more readily than the bromides. 

Ozone promptly decomposes all iodides, not excepting those of the alkali metals ; 
^hile atmospheric oxygen decomposes hydriodic acid and iron and calcium iodides but 
slowly, and alkali iodides not at all. Iodine is liberated from iodid at once by chlo- 
rine, bromine (a), iodic acid (b), and bromic acid. Iodine is first set free and then oxi- 
dized to iodic acid, by acidulated chlorate, by h3rpochlorite8 (with occurrence of 
iodine chlorides and final formation of periodates), and by concentrated nitric acid with 
heat (c) ; dilute nitric acid slowly separating iodine (rf), and scarcely decomposing lead, 
silver, and mercury iodides. Acidulated potaasium nitrite acts more promptly than 
nitric acid. Manganese dioxide with sulphuric acid is employed in the manufacture of 
iodine (e). Permanganate solution, added in excess, produces iodcUes, iodine being first 
separated and at last all oxidized ; in neutral or alkaline dilute solutions (1 part salt to 
240 parts water), a distinction from bromides, which do not decolor the permanganate. 
Chromates, acidulated, cause immediate separation of iodine. Concentrated salphurio 
acid (/) and ferric chloride {g) are reduced by iodides. Further, see 907. 

a. 2HI + Br^ = 2HBr + I, 

b. 5KI + ElOa + 8HaS04 = dE.S04 + 3Ht,0 + Sla 

c. KI + 2HNO, = mo, + 2NO + H,0 

d. &KI + 8HNO« = 6ENO, + 2NO + 4HaO + 31, 

e. 2EI + 2H3SO4 + MnOs = E^SO* + MnS04 + 2H3O + Za 

/. 2HI + H3SO4 = 2HaO + SOa + la 

g. 2KI + FesOIe = 2Pe01a + aKOl + I, 

896. The metallic iodides are all solnble in water ; except those of Ag, 
Pb, and Hg, except palladous iodide, cuprous iodide, bismuth iodide de- 
composed by water, and stannous iodide sparingly soluble in water. Lead 
iodide is sparingly soluble, and mercuric iodide very sparingly soluble, in 
water. 

The double iodides of lead, silver, and mercury with alkali metals — as 
2II.AgI and {KL)^Hg;l^ — are soluble in water; Le , the iodides of first- 
-group metals are soluble in solutions of alkali iodides, by combination ; mer- 
xjurous iodide in part only, as explained in 438. 

Alcohol dissolves many of the iodides soluble in water — including the 
iilkali iodides, and those of barium and calcium — and dissolves mercuric, 
but not mercurous or argentic, iodide. 

Silver iodide is but very sparingly soluble in concentrated solution of 
5inimonium hydroxide, and insoluble in hot solution of ammonium acid car- 
i)onate (distinctions from the chloride). It dissolves in solution of potas- 
sium cyanide. 

The iodides of silver and of lead are soluble by decomposition in solu- 
tion of alkali thiosulphates (a); lead iodide in fixed alkalies (387). The 
iodides of silver and mercury are not decomposed, the iodide of lead slowly 
<lecom|)osed bv dilute nitric acid. 

a. Agl -f NaaSaOs = Nal + NaAgSaOs 



Hydriodw Acid, 269 

In analysis, iodides are most easily identified by the color of the carboii 
disulphide solution of liberated iodine (902). Tlie^ilver precipitate of 
iodide is sepurable from chloride by solution of the latter in ammonium hy- 
droxide (921). 

897. Silver nitrate solution in excess precipitates, from solutions of 
iodides, silver iolicle, Agl, yellow-white, blackening in the light (without 
notable separation of iodine). For the solubilities of the precipitate, see 
896, and compare 414. For its separation from chloride and bromide, see 
further 921 

Solution of mercuric chloride precipitates the bright, yellowish-red to 
red, mercuric iodide, Hgl,. The precipitate redissolves on stirring, after 
slight additions of the mercuric salt, until equivalent proportions are 
reached, when its color deepens. For the solubilities of the precipitate see- 
446. — Solution of mercurous nitrate precipitates mercurous iodide, Hg,!,, 
yellow to green (see 438). 

898. Solution of plumbic nitrate or acetate precipitates, from solution* 
of iodides not very dilute, lead iodide, Pbl,, bright-yellow — soluble, as- 
stated in full in 392. 

899. Falladous chloride, PdCl,, precipitates, from solutions of iodides,. 
palladous iodide, Pdl,, black, insoluble in water, alcohol, or dilute acids, 
and visible ih 500,000 parts of solution. The reagent does not precipitate- 
bromine at all in moderately dilute solutions, slightly acidulated with HCl. 
Palladous iodide is slightly soluble in excess of the alkali iodides, and is- 
soluble in ammonium hydroxide (595). 

900. Copper sulphate, with sulphurous acid or other reducing agent, 
precipitates from solutions of iodides the cuprous iodide, Cu,!,, which is 
white, if there is sufficieyit reducing agent to prevent the precipitation of 
iodine, brown. The precipitate is not altogether insoluble in water ; there- 
fore the filtrate responds to the delicate tests for iodine {equation in 345 ^). 
Bromine is not precipitated with copper. 

901. Concentrated sulphuric acid decomposes iodides, solid or in con- 
centrated solution, with the reaction stated at 895 /*. The evolved gas has 
the violet color of iodine, and the offensive odor of mingled iodine and hy- 
driodic and sulphurous acids. When cooled and somewhat diluted, the 
liquid gives the iodine color with starch (888); or, on agitating gently with 
carbon disulphide, and permitting the latter to subside, the beautiful violet 
tint of iodine in this solvent. 

902. Chlorine- water separates iodine more satisfactorily, in this test 
with carbon disulphide, especially from dilute solutions. The chlorine- 
water should be dilute and added (after the starch-paste or carbon disul- 
phide) drop by drop ; as an excess will destroy all characteristics of free- 
it )diiie by formation of iodine chlorides and iodic acid (920). 

Nitrous acid — as from zinc and nitric acid or from acid illation of ni-^ 
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trites — is a good agent to displace iodine. It should be rery sparingly used 
(709). Bromine water is also employed for the same purpose. 

Bromides do not interfere with the easy recognition of free iodine ; un- 
less an excess of chlorine is added no bromine will be liberated, and, if 
liberated, it does not modify the color of iodine, in starch or in carbon di- 
fiulphide, unless the bromine is in much greater quantity, and even then 
the color represents iodine. 

903. Solution of ferric chloride, added in the proportion of 6 or 8 drops 
to 3 or 4 cub. cent, (a fluid drachm or a little less) of the solution tested, 
together with carbon disulphide, slowly develops the violet tint in the sub- 
siding liquid, if iodine is present (895 g) — a distinction from bromine. 

For Separation of iodides from chlorides and bromides, 920 ; from 
iodates, 915. 

904. The iodides of the alkali metals and of the first-group metals fuse without de- 
composition; those of mercury sublime undecomposed ; but other non-alkali iodides are 
mostly decomposed by ignition. 

Treated in the cupric bead of microposmic salt, as directed for chlorine in 848, iodides 
give an emerald green glass. 

905. Estimation. — (1) Gravi metrically. It is precipitated by AgNO,, 
and after gentle ignition weighed as Agl. (2) Volume trically, by stand- 
ard solution of AgNO,, using a little K^CrgO, to show the completion 
of the reaction. (3) It is oxidized to free iodine by chlorine or other 
convenient oxidizing agent, and then determined by standard solution of 

906. Preparation of Iodides. — (1) By direct union of the elements, but 
in some cases heat must be employed, and the metal must be in a fine state 
of division. (2) By action of HI on the hydroxides, oxides, and carbonates 
of the metals. (3) Ipdides of the first group are best made by precipita- 
tion. (4) Many metals, especially when finely divided, dissolve in HI with 
evolution of hydrogen. 

907. Oxidation. — a. For the action of HI on H.Pea(CN)„ see 694 ; 
HNO,, 713 ; HNO„ 733 ; H,SO,, 829 ; CI, 834 ; HCIO,, 863 ; Br, 868 ; 
HBrO,, 883. 

HIO, h. Free iodine is liberated from both acids. 

Pb" ^ »* c. Becomes Pb" and 1° (free iodine). 

As^ d. Becomes As'" *' 1°. 

Sbv e. Becomes Sb'" " P. . \. 

Cu" /. Becomes Cu' '' r. - 

Co'" g. Becomes Co' '' 1°. 

Ni"' h. Becomes Ni" " F. 

Pe"' i. Becomes Pe" '' I^ 

Cr^ j. Becomes Cr" ** 1°. 



Iodic Acid, 271 

Mn"*»i. Becomes Mn", and if HI is in excess 1° is formed. If dilute 

hydriodic acid with K^Mn^O^ is used manganese peroxide is 
first formed^ and if the permanganate is in great excess potas- 
sium iodate is formed. 



IODIC ACID. HIO,. 

Oxidation valence H'FO"", 

O 

Structural valence H-0-I=0 

908. Preparation. — (1) By boiling I with HNOs, sp gr. 1.42, or, better, the fuming, 
sp. gr 1.48. (2) By treating I with Ol or HOIO in presence of H3O. (3) By transposing 
iodates with stronger acids, as Ba(IOa)9 with H3SO4, using the latter slightly in excess, 
and after filtering from the insoluble BaS04 the HlOa is separated from the remaining 
HaSOi by crystallization. (4) Formed by action of auric oxide on L (5) By action of 
AgNOs on I. 

1. 3Ia + lOHNO, = 6HIO, + lONO + 2HaO 

2. la + 501a + 6HaO = 2HIO, + lOHOl 

4. 3I3 + SAuaOs + 3H2O = 6HIO1 + lOAu 

5. 5AgN08 '+ dia + 3HaO = 5AgI + 5HNOi + HIOs 

909. Absolute iodic acid, HIOs (or HalaOs), is a white, crystallizable, odorless solid, 
permanent in the air ; at 170° C. (338° F.) resolved into water and iodic anhydride (H3O 
and laOe). Iodic anhydride is a crystallizable solid, at 300° C. resolved into iodine and 
oxygen. Bromic anhydride is not known. Iodic acid is /reely soluble in water and in 
alcohol ; the solutions reddening litmus, and afterwards bleaching it. 

910. Iodic acid is formed by prolonged action of nitric acid and other oxidizing 
agents upon iodine. Its salts, the iodates, are formed together with iodides in dissolving 
iodine in aqueous alkalies (889 a\ as well as by oxidation of iodides (895). Iodic acid is 
easily obtained by transposing metallic iodates with sulphuric acid (a); its radical not 
easily breaking up when separated from metals, as chloric and bromic acids do. 

a. 2KIO. + HaSOi = K3SO4 + 2HIO.. 

911. The Iodates — including hydrogen iodate — are decomposed by reducing agents, 
with the formation of iodides (of metals or of hydrogen) and with other results. 

Sulphurous acid is oxidized by iodic acid, first with separation of iodine (a) ; then, 
by excess of the sulphurous acid, with formation of hydriodic acid (6). Hence, sulphur- 
ous acid, added short of saturation, with starch, forms a delicate test for iodates, and a 
distinction from iodides ; but excess of the reagent destroys the color. Thiosulphates 
produce iodine, or hydriodic acid. Hydrosulphuric acid also reduces iodates, pre- 
cipitating at first iodine and sulphur (c). With excess of the reducing agent, the final 
products are hydriodic acid and sulphur (d) ; with excess of the iodate, iodine and 
sulphate (e). Hydriodic acid instantly separates, from iodic acid, all the iodine of both 
acids (/); hence, an intermixture of a metallic iodate with an iodide is revealed at once 
by adding a dilute or weak acid that will not itself liberate iodine, but will produce both 
the acids of iodine, so that they can decompose each other. In solution of potassium 
iodide, for example, a slight addition of tartaric acid shows the presence of iodate by 
the immediate, not progressive, appearance of the iodine color, the test being more deli- 
cate by use of carbon disulphide. In solutions not of iodides, an iodide may be added, 
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with tartaric or. aoetio acid, in search for iodates. But it must be remembered that pure 
iodides, so treated, form hydriodic acid, which, by atmospherici oxidation, progressively 
liberates iodine, and will soon give a deep color to starch or carbon disulphide. Hydro- 
ohlorio aoid forms with iodates mostly iodine chlorides (^), iodine not being liberated 
(distinction from bromates, 882). Morphia reduces iodic acid, with separation of iodine 
as a final product. Further, see 916. 

a, 2KIOs + SHaSOs = la + 2EHSO4 + dHaS04 + H3O 
Or: 2HIOa + SHaSOa = 13 + 5H3SO4 + HsO 
h. The iodine is taken up by excess of HsSOa, as in 889 c, 
e, 4HIO. + IOH3S = 2Ia 4- I2H3O + 5S3 

d, 2HIO, + 6H3S = 2HI + 6H3O + 3S3 

e. 8EIO, + 5HaS = 41, + 3E3SO4 + 2EHSO4 + 4HaO 
/. HIOs + 5HI = 3I3 + SHaO 

g. EIO, + 6H01 = (lOl, + 201) + EOl + SHaO 

Iodates in dry mixture with combustible bodies are reduced, on heating or con- 
cussion, with detonation^ but much less violently than chlorates or nitrates. Heated 
alone, iodates are either reduced to iodides with liberation of oxygen (iodates of potas- 
sium, sodium); or to oxides with liberation of iodine and oxygen (iodate of barium). 
Compare Bromates, 879. 

912. The iodates are either insoluble or sparingly soluble in water, except those 
<of the alkali bases, a marked difference from bromates and chlorates. Barium, silver, 
and lead iodates are insoluble in water. The alkali metuls form acid iodates. In alcohol 
most of the iodates are insoluble ; barium iodate, insoluble ; calcium and potassium, 
iodates, scarcely at all soluble (distinctions from iodides). 

Silver iodate is readily soluble in ammonium hydroxide (distinction from iodide);, 
it is slightly soluble in dilute nitric acid (more so than the iodide). 

Iodates are identified by separation of free iodine, known by its color in carbon disul- 
phide solution or in mixture with starch (911); and by precipitation of barium salt 
(912). 

913. Solution of silver nitrate precipitates, from even very dilute solutions of* 
iodates and from solutions of iodic acid if not very dilute, silver iodate^ AglOt, white, 
crystalline, soluble in ammonium hydroxide, soluble in an excess of hot HNOa. In the: 
ammonia solution, hydrosulphurio acid precipitates silver iodide. 

Barium chloride precipitates barium iodate, Ba(I08)3, nearly insoluble in cold and 
little soluble in hot water, insoluble in alcohol, scarcely soluble in dilute nitric acid,, 
readily soluble in dilute hydrochloric acid. Hence, dilute solutions of free iodic acid 
should either be neutralized or tested with barium nitrate. This precipitate, by addition, 
of alcohol, is a complete separation from iodides, and, when well washed, decomposed 
with a very little sulphurous acid (911 a), and found to color carbon disulphide violet, its- 
evidence for iodic acid is conclusive. Barium iodate is transposed with ammonium car- 
bonate, on digestion in solution and with ammonium hydroxide (separation from perio- 
date). 

Salts of lead give a white precipitate of lead iodate, Pb(I03)a. Ferric chloride gives,, 
in solutions not dilute, a yellowish-white precipitate of ferric ioda'e, Fe2(IOa)6, spar- 
ingly soluble in water, and freely soluble in excess of the reagent. Boiling decomposes it. 
Alcohol precipitates potassium iodate from water solution, an approximate separa- 
tion from iodide. 

914. Iodates of the alkalies and alkaline earths are easily made by the action of 
iodine on the hydroxides, and separation by alcohol or by crystallization from the iodides^ 
which are formed in the reaction. All iodates may be made by action of the acid on the^ 



Periodic Acid, 273 

hydroxides or carbonates. A few are best made by precipitation. The precise composi- 
tion of many of the iodates has not been determined. 

915. Estimation. — (1) By precipitation with AgNOs, and, after drying at 100° C, 
weighing as AglOs. (2) By reducing to HI or an iodide and then proceeding as directed 
in 90 >. (3) Volumetrically, by treating with HI and estimating the free iodine liberated. 

916. Oxidation.—a. For action on H20a04 see 659; HflFea(ON),2, 694; HONS, 
702; HNOa, 713; HsPO,, 756; HaS, 785; H3SO3, 813; CI, 834; HBr,876; HI, 907. 
Sn'" J. Becomes Sn^^ and I-'. 

Sb'" c. Becomes Sbv and 1°. 
As '" •, Becomes As^ and I*. 
Fe" V :^ecomes Pe'" and Y, 



PERIODIC ACID. niO.orHJO.. 
Oxidation valence H'F"0-"^, or H',F»0^", 

n 

O H-O O O-H 

« \i/ 

Structural valence H-0-I=:0, or H-O-i-O-H 

n I 

O O 

917. Preparation. — (1) By action of HCIO4 on I (a). (2) By action of H3SO4 on 
Pb(IO»)a (/->). (3) Periodate of sodium is made by action of CI upon I, Nal, or NalOs in 
solution of NaOH (c). The potassium salt is prepared in a similar manner. 

a. la + 2HCIO4 = 2HIO4 + Ola 

h. Pb(I04)a + HaSO* = PbS04 + 2HIO4 

c. la + 16KOH + 7Cla = 2KIO4 + 14KC1 + 8HaO 
Neither the anhydride nor the acid HIO4 has been isolated. Only HIO4, with two 
molecules of water, has been crystallized. One view represents the normal acid as HIO4, 
which is supported by the actual preparation of the corresponding salts, such as 'SXOkj 
AgI04, Pb(I04)a, etc. Another view represents the normal acid as H5IO6 (HI04.2HsO 
= HftlOs). This view is supported by the actual production of AgsIOs, NasIOs, 
Ba6(IOe)2, etc. The aqueous solution may be boiled, but at 140° C. it begins to decom- 
pose, forming first HIOs, oxygen, and water; then laO*, and finally free iodine and 
oxygen. Ignition reduces alkali periodates to iodides, evolving oxygen. Ignition also 
reduces other periodates in the same manner that it does iodates. They are all reduced 
by HCl, evolving CI ; by HaSOa, giving first free iodine and then HI, and forming 
HaS04 ; and HI liberates free iodine, but only one-fourth of the total quantity in the salt 
(Rammelsburg). According to Lautsch, its behavior with Hga(NO»)a is characteristic. 
The pentasodic periodate, NasIOs, gives a light yellow precipitate consisting of decar* 
mercurous periodate, HgioIaOia. 

5Hg2(N03)a + 2NaJ0« = Hg,oIaOi9 + lONaNOt 
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Separation of the Acids of Chlorine, Etc. 375 

919. THE SEPARATION of the acids of chlorine, bromine^ and iodine is effected 
by oxidations, reductions, color solutions, precipitations, separative solutions, and vapo- 
rizations. In many cases of separation, tlie acids to be separated will act upon each 
other. 

920. The Recognition of chlorides, bromides, and iodides — by evolving their chlo- 
rine, bromine, and iodine, in presence of each othet — can be accomplished as follows — 
for the iodine the test being very easy ; for chlorine, indirect but unmistakable ; for bro- 
mine, dependent upon much care and discretion.* 

The Iodine is liberated with dilute chlorine-water, added drop by drop, and is 
readily detected by starch, or carbon disulphide, according to 902. (As to interference 
of thiocyanates, see 701.) The Chlorine is vaporized (from another portion) as chloro- 
chromii: anhydride^ and the latter identified by its color and its various products, as 
described in 846. Before the Bromine is identified the iodine is to be either removed as 
free iodiiie, or oxidized to iodate (873). The oxidation to iodic acid is effected as fol- 
lows: Treat with good chlorine- water till free iodine no longer shows its color ; add a 
drop or two more of the chlorine-water, and dilute with water, keeping cool ; then add 
the carbon disulphide, agitate, and leave the solvent to settle, for the yellow color of bro- 
mine. The removal of free iodine may be done as follows: Add chlorine-water, drop by 
drop, as long as the iodine tint seems to deepen by the addition ; add the carbon disul- 
phide, agitate, leave to subside, and remove the lower layer, either by taking it out with 
a pipette, or by filtration through a wet filter. Repeat, if need be. till iodine color is no 
longer obtained ; then continue, with dilute chlorine-water, in test for bromine. 

If iodide in large proportion is to be removed, it is well, first, to precipitate it out, as 
far as possible, by copper sulphate and a reducing agent, as directed in 922. The filtrate 
is then to be treated by either method above given. 

921. The Separation by ammonium hydroxide, as a solvent of the silver precipi- 
tates — ^AgCl, AgBr, Agl — when conducted with dilute ammonium hydroxide, may be 
made nearly complete between the chloride and the iodide, but it is very imperfect be- 
tween the bromide and either of the others. The hot and strong solution of ammonium 
acid carbonate separates the chloride from the bromide (compare 843, 872, 896). 

922. The direct removal of iodides by precipitation, leamng bromides and chlorides 
in solution, can be effected (approximately) by copper sulphate with sulphurous acid 
(900), or quite completely by palladous chloride (899). With the copper sulphate, the 
reduction ought to be thorough ; and this result is better secured by sulphurous acid 
than by ferrous sulphate, and without loading the solution with another metallic salt. 
The action of palladium chloride is subject to no objection, except the scarcity and ex- 
pensiveness of the reagent. 

923. Cliloric acid is separated from hydrochloric and all other acids of chlorine, bro- 
mine, and iodine (except from hypochlorous acid, and from traces of bromic acid), by 
remaining in solution during the precipitation by silver nitrate (859). 

924. Chloric acid is separated from nitric acid — after finding that silver nitrate 
gives no precipitate in another portion of the solution, acidulated — by evaporating and 
igniting the residue, then dissolving, and testing one portion of the solution by silver 
nitrate for the chloride formed from chlorate during ignition (858). The other portion of 
the solution is tested for nitric or nitrous acid. 



* In conseqnence of the relative commercial values of bromine and iodine, and the medicinal relations of 
bromides and iodides, it is of great importance to search commercial iodides for intentional and consider- 
iible mixtures of bromides— an impurity likely to escape cursory chemical examination. There are, how- 
ever, very slight and usually unobjectionable proportions of bromides generally to be found in the iodides of 
commerce, and occurring from the dijOlculty of exact separation in the manufacture of iodine from kelp. 
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925. If we have to separate chloric acid hotJi from nitric and hydrochloric acids, a 
solution of silver sulphate must be used instead of the nitrate, to precipitate out all the 
hydrochloric acid. Tiie filtrate from this is evaporated, ignited, dissolved and tested, ad 
in 924, for chloride, indicating chlorate in the original solution, and another portion is 
tested for nitric acid. Also, chlorates are distinguished (not separated) //ow nitrates, by 
oxidation of ferrous sulphate in solution with acetic acid on heating, and the conse- 
quent formation of the red solution of ferric acetate (218, 635). The solution tested must 
contain no free acids, and no nitrites or other oxidizing agents beside the two in question,, 
but may contain chlorides ; and, of course, the ferrous sulphate must be pure enough not 
to color when heated alone with the acetic acid. Mix the ferrous sUlphate solution with 
the acetic acid, boil, then add the solution to be tested, and heat nearly to boiling, for 
some minutes. If no red color appears, chlorates are absent, and nitrates may be 
present. 

926. Hypochlorites are separated with chlorates from chlorides (bromides), etc., by 
silver nitrate ; and distinguished from chlorates (in the filtrate from AgOl, etc.) by 
bleaching litmus, and by their much more rapid decomposition and consequent precipita- 
tion of any silver in solution. They are also more active than chlorates, as oxidizing 
agents. 

927. The identification of iodic acid is simple and certain, by use of reducing 
agents (911), or precipitants (913). The identification of bromio acid, in presence of 
other acids, is indicated in 880 to 882. 

928. X3t, Vortman's method of detecting chlorine in presence of bromine and iodine 
is as follows : The solution containing the halogens combined with the alkali or alkali 
earth metals is heated with acetic acid and peroxide of lead until the supernatant liquid 
is colorless and has no longer the slightest odor of iodine or bromine ; in this way the 
whole of the bromine and part of the iodine are driven off, the remainder of the latter 
remaining as iodate of lead along with the excess of lead peroxide. This is filtered off, 
the precipitate washed with boiling water, and the chlorine precipitated from the filtrate 
by addition of silver nitrate. 

M. Dechan's method (Jour. Cnem. SfC, 1886, 49, 682) consists (1) in boiling the mix- 
ture with a solution of 40 grammes of KsOrsO?, dissolved in 100 c.c. of water, which 
liberates and expels all of the iodine without disturbing the bromine and chlorine. 

SKaCr^OT + 6KI = OraOs 4- SKaOrOi + 3I2 
(2) 8 c.c. of a dilute solution of sulphuric acid (consisting of equal volumes of HaSOi sp. 
gr. 1.84, and water) are added to 100 c.c. of the dichromate solution, and on boiling the 
bromine is distilled off without disturbing the chlorine ; after which the chlorine is de- 
tected in the usual manner. 

For A. LoNGi's process for the analysis of a mixture of chlorides, bromides, iodides, 
chlorates, bromates, iodates, ferrocyanides, and ferricyanides, see Chem. News, 47, 209. 



EQUATIONS. 

929. It is recommended that the student write all the equations representing the 
analysis, oxidation, and pioperties of all compounds, and balance them according to tJie 
rule given in 615. It will be seen that in most cases an oxidizing agent is made to act on 
two reducing agents, usually both in the same salt; or double reduction may occur — thus 
in No. 25 PbOa, KaOOs, KOI, and HaO are formed; in No. 66, KaMn04, KaSOi, NO, 
and OOa; in No. 57, KaOrO*, E2Mn04, KOI, and OOa; in No. 80, the Mnof both com- 
pounds is oxidized ; in No. 17, Hg, As, SnOli, and HaO are formed ; in No. 21, Pb, 
NaaS, OOa, and HaO ; in Nos. 15 and 61 there is no action. In balancing equations for 



Equations, 



5>?7 



recitation, the student should in all cases give his authority for each equation. It is to 
be understood that the second substances in each equation are to be used in excess, or in 
as great quantities as may be necessary to fully oxidize or reduce the substance placed 
first. Unless otherwise expressed, HaS04 means the dilute acid. It is advised that the 
teacher extentJ this list to several hundred for class use. The frequent introduction of 
blank equations like Nos. 15 and 61 has proven instructive. 



1. Mn(OH)a 4- PbOa + HNOs 

2. Pb8(A808)a + KOH + Ola 

3. Sn -t- HNOs (sp. gr. 1.40) 

4. Pb3(As04)a -h Al -}- KOH 

6. Mn(H2P02)a -}- KOlOa + EaOOs 

(fusion) 
-6. E3SO4 -\- NaaOOs + O (fusion; 

7. MnS -r PbOa -h HaS04 (hot dilute) 

8. SnS -h KOH + Ola, 

9. Fe(OH)a -h HaS04 (sp. gr. 1.83 hot) 

10. Pb3(As04)a + Zn + H3SO4 

11. Or2(S04)3 -h Mn(N08)a + KaOOs 

(fusion) 

12. MnSOs + KOH + la 

13. Zn4080r04 + SnOla + HOH 

14. NiOa04 -h KOH + Ola 

15. Fe -h HNOsCsp. gr. 1.42 cold; see 929) 

16. KOlOs (ignition) 

17. Hg8(A804)a + SnOla + HOI (sp. gr. 

1.20) 

18. Na3S406 + ^'aOH + OI3 

19. Al -h KOH 

20. MnS + KN08 + KaOOs (ignition) 

21. PbS04 + NaHOOs + O (fusion) 

22. OrOs -4- HaS04 (sp. gr. 1.83 hot) 

23. BiBr, + KOH H-Ola 

24. Mn304 + PbsO* + HNOs 

25. Pb0304 + KOH 4- Ola 

26. Fe + H3SO4 

27. BiA804 + Na (amalgam) 

28. OraOle -+: KOlOs + KaOOs (fusion) 

29. Mn(OH)a + K-^MnaOg + H3SO4 

30. MnOa04 H- PbsO* + Ha904 (hot di- 

lute) 

31. FeS + KOH -h OI3 

32. Fe0304 + HaS04 (sp. gr 1.83 hot) 

33. KaOraOr (fusion) 

34. Mn804 + Mn(N08)3 

sion) 

35. Mn304 + Or3(N03)a 

sion) 

36. O + H3SO4 (sp. gr. 1.83 hot) 

37. Fe8(Ag03)a + KOH + Ola 

38. A84 + HNOs 



4- KaOOs (fu- 
+ KaOOs (fu- 



39. KOIO4 (ignition) 

40. FeaO(Or04)3 + SnOla + HOI 

41. FeBra + KOH + Ola 

42. Ou(NOs a 4- Al + KOH 

43. MnSaOa + KNO3 + KaOOs (igni- 

tion) 

44. NaaSfiOs + NaHOOs + O (fusion) 

45. FeBr3 + HNO3 

46. Orale + KOH + Bra 

47. MnaOs + Pb304 + HNOs 

48. Pb(H2POa)a -r KOH + Ola 

49. P4 + KOH 

50. Hgs(As04)a + Na (amalgam) 

51. Or3(S04)8 + KOlOs + KaOOs (fa- 

sion) 

52. Bi607(Or04)3 + SnOla + KOH 

53. MnSOs + PbOa + H3SO4 (hot di- 

lute) 

54. MnS30a + KOH + Ola 

55. KaMn308 + H3SO4 (sp. gr. 1.83 hot) 

56. AsHs (ignition in the air) 

57. OraOlfi + Mn(010s)a + KaOOs (fu- 

sion) 

58. OraOs + Ora(N08)fl + KaOOs (fu- 

sion) 

59. Bi30(Or04)3 + SnOla + KOH 

60. O0SO3 + KOH + OI3 

61. Ou + HOI (see 929) 

62. FeaOs (white heat) 

63. AgsAs04 + SnOla + HOI (sp. gr. 

1.20) 

64. NaaSfiOe + NaOH 

65. Pb(NO,)a + Al + 

66. MnSaOe + KNO3 + KaOOs (igni- 

tion) 

67. NaaSaOs + NaHOOs + O (fusion) 

68. PbMn30e + Zn i- H3SO4 

69. Fela + KOH + Bra 

70. Mns04 + Pb804 + HaS04 

71. HgOaO* + KOH + Ola 

72. Fe + HaS04 (sp. gr. 1.83 hot) 

73. SbOls + Al + HOI 

74. (NH4)aOra07 (ignition) 

75. HgaOa04 + KaMnaQs + HaS04 



+ Ola 
KOH 
+ KaOOs 
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76. Mn(H3P03)3 + PbOs + H2SO4 

77. FeSO, + EOH + Ola 

78. Fa(HtPO«)3 + HaSO* (sp. gr. 1.83 

hot) 

79. KNO, + NH4OI (fusion) 

80. MnaOs + Mn(N08)9 + KaOOs (fu- 

sion) 

81. HsAs04 + SnOla + HCl(sp. gr. 

120) 

82. 8 + HaS04 (sp. gr. 1.83 hot) 

83. OraI« + KOH + Ola 



84. FbOa + HaSOi (sp. gr. 1.83 hot) 
86. SbaOs (igliitior) 

86. Oa6Ha(A804)4 + HI 

87. Sbl, + EOH + Ola 

88. HgOr04 + Al + EOH 

89. Mns04 + EOIO9 + EaOOs (ignir^ 

tion) 

90. KaOraO? + NH4OI (fusion) 

91. EOH + la 

92. Fes(AsOs)3 + EOH + I, 



PBOBLEMS IN SYin^HESIS. 

930. For the sake of more thorough drill in the principles of oxidation, a few prob- 
lems are here given; a part of them the student should practically work at his table, but 
they are chiefly designed for class exercises. Special care should be taken that a pure 
product be formed, and that the ingredients be taken from the sources indicated. Thus^ 
in the 31st, the chlorine for the ammonium chloride must be obtained from silver chic* 
ride, and the nitrogen of potassium nitrate must be converted into ammonia, and then 
united with the chlorine, and the product purified. 

The student is not to suppose that these problems represent operations that are finan- 
cially profitable, but merely chemical possibilities, and their solution will competiin ac- 
curate comprehension of a great variety of important principles. It is recommended 
that the teacher increase the number of these; an ordinary class may with profit discuss 
from three to five hundred. In each case the authority for each step in the process 
should be stated. 



1. Make pure mercuric bromide, 



2. 

3. 
4. 
6. 
6. 

7. 

8. 
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19. 
20. 
21. 
22. 
23. 
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chromic chloride, 
arsenic acid, 
potassium arsenate, 
plumbic nitrate, 
mercurous nitrate, 
mercurous oxide, 
mercuric bromide, 
mercuric bromide, 
lead nitrate, 
mercurous phosphate, 
barium sulphate. 



from mercurous chloride and aluminic bromide. 
** potassium chromate ** hydrochloric acid, 
potassium arsenite. 
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potassium arsenite 
plumbic chloride 
mercuric chloride 
mercuric oxide, 
metallic mercury 
metallic mercury 
lead dioxide 
phosphoric acid 
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potassium hydroxide, 
zinc nitrate, 
bismuth nitrate. 



potassium bromide. 
** silver bromide. 
" potassium nitrate. 
** mercuric chldiide. 
" barium hvdroxide. 



lead sulphide 

bar*m hypophosphite, ** calc*m hypophosphite ** barium chloride, 
lead chromate, " chromic chloride " lead sulphate. 

potas. acid chromate 

chromic chloride 

mercuric sulphide 

potas. acid chromate 

sodium phosphate. 

calcium phosphate. 

lead sulphate 

silver bromide 

ferrous sulphide 



chromic chloride, 
barium chromate, 
mercuric chromate, 
chromium sulphate, 
phosphoric acid, 
phosphorus, 
lead iodate, 
silver iodate, 
ferric arsenate, 
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silver chloride, 
barium sulphate, 
chromium nitrate, 
bismuth sulphite. 



potassium iodide, 
potassium iodide, 
arsenious acid. 
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Make pure mercuric bromide, from mercuric sulphide and lead bromide. 



ammonium sulphate, 
ammonium chloride, 
sodium chloride, 
phosphorus, 
lead sulphide, 
ferrous sulphite, 
ammonium chloride, 
mercurous nitrate, 
potassium sulphate, 
mercurous chloride, 
potassium iodide, 
sodium iodate, 
sodium phosphate, 
potassium bromide, 
potassium chloride, 
strontium nitrate, 
mercurous sulphide, 
potassium sulphate, 
sodium sulphate, 
potassium chromate, 
potassium iodide, 
sodium iodate, 
potassium chloride, 
potassium carbonate, 
ammonium sulphate, 
manganese peroxide, 
arsenious sulphide, 
arsenious sulphide, 
arsenious sulphide, 
potassium nitrite, 
lead ferrocyanide, 
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potassium nitrate 
lead nitrate 
sodium sulphate 
sodium phosphate, 
triplumbic tetrozide 
ferrous chloride 
potassium nitrate 
mercuric chloride 
sodium sulphite 
mercurous sulphide 
potassium chloride 
sodium chloride 
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sulphur. 
** silver chloride. 
** silver chloride. 
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bismuth thiocyanate. 

barium sulphate. 
** silver chloride. 

potassium nitrate. 

potassium nitrate. 
*_* '_ feri'ic chlorate. 
** sodium iodate. 

potassium iodide.^ 
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potassium phosphate " sodium chloride. 



silver bromide 
silver chloride 
strontium sulphate 
mercuric bromide 
sodium sulphate 
potassium sulphate 
chromic chloride 
sodium iodate 
potassium iodide 
sodium chloride 
oxalic acid 
potassium nitrate 
lead permanganate, 
lead arsenate 
lead arsenate 
silver arsenate 
sodium nitrite 
cupric ferrocyanide 






potassium chloride. 

potassium bromide. 

mercurous nitrate. 

potassium sulphite. 

potassium hydroxide. 

sodium hydroxide. 

potassium hydroxida 

potassium nitrate. 
" sodium nitrate. 
** potassium nitrate. 

potassium chloride. 

sodium sulphide. 
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potas'm thiocyanate 
potassium sulphite, 
barium sulphate, 
potassium chloride. 
^* metallic lead. 
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PART III. 



SYSTEMATIC EXAMINATIONS. 



SEPABATION OF THE ACIDS FBOM THE BASES. 

P31. The preliminary examination of the Solid Material in the dry way will give 
indications drawing attention to certain acids. Solutions can be evaporated to obtain a 
residue for this examination. Thus, detonation (not the decrepitation caused by water 
in crystals) indicates chlorates, nitrates, bromates, iodates. Explosion or deflagration 
will occur if these, or other oxygen-furnishing salts — as permanganates, chromates— are 
in mixture with easily combustible matter (858). Hypophosphites, heated alone, defla- 
grate intensely. A brownish-yellow vapor indicates nitrates or nitrites (730) ; a ^r«c» 
flame, borates (626).— The odor of burning sulphur : sulphides, sulphites, thiosulphates, 
or free sulphur. The separation of carbon Mark : an organic acid. The formation of a 
silver stain : a sulphur compound (826). 

932. When dissolving a solid by acids for work in the wet way, indications of the 
more volatile acids will be obtained. Sudden effervescence: a carbonate (oxalate or cya- 
nate) (664, 665). Greenish-yellow vapors : a chlorate (860). Brownish-yellow, chlor- 
nitrous vapors on addition of hydrochloric acid : a nitrate. — The characteristic odors : 
salts of hydrosulph uric acid, sulphurous acid, hydrobromic acid, hydriodic acid, hydro- 
cyanic acid, acetic acid. — The separation of sulphur : a higher sulphide, etc. It will be 
remembered that chlorine results from action of manganese dioxide, and numerous oxi- 
dizing agents,' upon hydrochloric acid. 

933. If the Material is in Solution, the bases will be first determined. (Certain 
volatile acids will be detected in the first-group acidulation — by indications mentioned in 
the preceding paragraph.) Now, it should first be considered, what acids can be present 
in solution with the bases founds Thus, if barium be among the bases, we need not look 
for sulphuric acid, nor, in a solution not acid, for phosphoric acid. 

934. As a general rule, the non-alkali metals must be removed from a solution before 
testing it for acids, unless it can be clearly seen that they will not interfere with the tests 
to be made. 

Metals need to be removed : because, firstly, in the testing for acids by precipitation^ 
a precipitate may be obtained from the action of the reagent on the base of the solution 
tested, thus : if the solution contain silver, we cannot test it for sulphuric acid by use 
of barium chloride (and we are restricted to use of barium nitrate). And, secondly, 
in testing for acids by transposition with a stronger acid — the preliminary examination 
for acids— certain bases do not permit transposition. Thus, chlorides, etc., of lead, silver, 
mercury, tin, and antimony, and sulphide of arsenic, are not transposed by suU 
phuric acid, or not promptly. 

935. If neithfr arsenic nor antimony is among the bases, they may all be removed (a) 
by boiling with slight excess of sodium or potassium carbonate, and filtering. Arsenic and 
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antimonyj and all other bases of the second group, may be removed (&) by boiling with 
hydrosulphurio acid, and filtering. When the bases are removed by sodium or potas- 
sium carbonate, the filtrate miisi be exactly neutralized by nitric acid, with the expulsion 
of all carbonic acid by boiling. Then, for nitric acid, the original substance may be 
tested. 

The filtrate, from the tliird or fourth group, though free from all bases which need 
to be removed, is not suitable material for general tests for acids ; because it is loaded 
with ammonium salts, which act as solvents on many of the precipitates to be obtained. 

936. The separation of Phosphoric acid from bases is a part of the work of the 
third group of metals, and is explained in 305 and 306. The removal of Boracio acid. 
Oxalic acid. Silicic acid, is described in 308. 

The non-volatile Cyanogen acids can be separated from bases by digesting with 
potassium or sodium hydrate (not too strong, 684), adding potassium or sodium carbo- 
nate and digesting, and then filtering. The residue is examined for bases, by the usual 
systematic process. The solution (677 c) will contain the alkali salts of the cyanogen 
acids, and may contain metals whose hydroxides or carbonates are soluble in fixed alkali 
hydroxides. 

CONVERSION OP SOLIDS INTO LIQUIDS. 

937. Before the fluid reagents can be applied, solids must be reduced to liquids. To 
obtain a complete solution, the following steps must be observed : 

First. The solid, reduced to a fine powder, is boiled in ten times its quantity of 
water. Should a residue remain, it is allowed to subside, and the clear liquid poured 
off or separated by filtration. A drop or two evaporated on glass, or clean and bright 
platinum foil, will give a residue, if any portion has dissolved. If a solution is obtained, 
the residue, if any, is exhausted, and well washed with hot water. 

Second. The residue, insoluble in water, is digested some time with hot hydrochlo- 
ric acid. (Observe 932.) The solid, if any remain, is separated by filtration, and 
washed, first with a little of this acid, then with water. The solution, with the wash- 
ings, is reserved. 

Third. The well-washed residue is next digested with hot nitric acid. Observe if 
there are vapors of nitrogen oxides, indicating that a metal or other body is being oxi- 
dized (718). Observe if sulphur separates (564). If any residue remains it is separated 
by filtration and washing, first with a little acid, then with water, and the solution re- 
served. 

Sometimes it does not matter which acid is used first. But if a first-group base be 
present HNOs should be added first, for HCI would form an insoluble chloride. If the 
substance contain tin (especially an alloy of tin) HNOs would form insoluble meta- 
stannic acid, HioSnsOis, in which case HCI should be used first. 

Fourth, Should a residue remain it is to be digested with nitro-hydrochloric acid, 
as directed for the other solvents. 

The acid solutions are to be evaporated nearly to dryness, and then redissolved in 
water, acidulating, if necessary, to keep the substance in solution. ^ 

Fifth. Should the substance under examination prove insoluble in acids, it is likely ^ 
to be either a sulphate (of barium, strontium, or lead); a chloride, or bromide, of silver 
or lead; a silicate or fluoride — perhaps decomposed by sulphuric acid — (745); and it must 
be fused with a fixed alkali carbonntey when the constituents are transposed in such man- 
ner as to render them soluble. The waterv solution of the fused mass will be found to 
contain the acid; the residue, insoluble in water, the metal, now soluble in hydrochloric 
or nitric acids (compare 823). 
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If more than one solution is obtained, by the several trials with solvents, the mate- 
rial contains more than one compound, Hnd the soluiiouifi, as separated by filtration, 
should be preserved separately, as above directed, and analyzed separately. The sepo/' 
rate rernlta, in many caaeSy indimte the ot-iginal combi7Mtion of each metal, 

OONVBRSION OF SOLUTIONS INTO SOUDS : Before solids in solutioii 
can be subjected to preliminary examination— either for metals or for acids — they must 
be obtained in the solid state. This is done by evaporation. 



BEMOVAL OF ORGANIC SUBSTANCES. 

938. The methods of inorganic analysis do not provide against interference by or- 
ganic compounds; and, in general, it is iinposisible to conduct inorganic analysis in ma- 
terial containing organic bodies. The removal of the latter can be effected, 1st, by com- 
bustion at a red or white heat, with or without oxidizing reagents; 2d (in part), by oxi- 
dation with potassium chlorate and hydrochloric acid on the water-bath; 3d, by oxida- 
tion with nitric acid in presence of sulpluiric acid, at a final temperature of the boiling 
point of the latter; 4th, by solvents of certain classes of organic substances; 5th, by 
Dialysis. These operations are conducted as follows: 

939. Combustion at a red or white hent^ of course, excludes analysis for mercury, 
arsenious and antimonious bodies (except as provided in 520), and ammonium. The last- 
named constituent can be identified from a portion of the material in presence of the 
organic matter (45 and 705). If chlorides are present iron will be lost at temperatures 
much above 100° C, and potassium and sodium waste notably at a white heat, and 
slightly at a full red heat. Certain acids will be expelled, and oxidizing agents reduced. 

The material is thoroughly dried and then heated in a porcelain or platinum cruci- 
ble, at first gently. It will blacken, by separation of the carbon of the organic com- 
pounds. The ignition is continued until the black color of the carbon has disappeared. 
In special cases of analysis, it is only necessary to char the material ; then pulverize it, 
dijrest with the suitable solvents, and filter; but this method does not give assurance of 
full separation of all substances. Complete combustion, without use of oxidizing agents, 
is the way most secure against loss, and entailing least change of the material ; it is, how- 
ever, sometimes very slow. The operation may be hastened, with oxidation of all mate- 
rials, by addition of nitHc acid^ or of ammonium nitrate. The material is first full y charred ; 
then allowed to cool till the finger can be held on the crucible ; enough nitric acid to 
moisten the mass is dropped from a glass rod upon it, the lid put on, and the heat of the 
water-bath continued until the mass is dry, when it may be very gradually raised to full 
heat. This addition may be repeated as necessary. The ammonium nitrate may be 
added, as a solid, in the same way. 

940. Oxidation withpota^Hum chlorate and hydrochloric acid on the water-bath does 
not wholly remove organic matter, but so far disintegrates and changes it that the fil- 
trate will give the group precipitates, pure enough for most tests. It does not vaporize 
any bases but ammonium, but of course oxidizes or chlorinates all constituents. It is es- 
pecially applicable to viscid liquids ; it may be followed by evaporation to dryness and 
ignition, according to 939. 

The material with about an equal portion of hydrochloric acid is warmed on the 
water- bath, and a minute portion of potassium chlorate is added at short intervals, stir- 
ring with a glass rod. This is continued until the mixture is wholly decolored and dis- 
solved. It is then evaporated to remove chlorine, diluted and filtered. If potassium 
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and chlorine are to be tested for, another portion may be tnate<l wiili nitric acid, on the 
water-bath. The organic matter left from the action of the chlorine or the nitric acid 
may be sufficient to prevent the precipitation of aluminium and chromium in the third 
group of bases; so that a portion must be ignited. As to arsenic and antimony, see 520. 

941. The action ot aulpliuric with nitric acid at a gradually increasing heatfle&\e& 
behind all the metals (not ammonium), with some loss of mercury and arsenic (and 
iron?) if chlorides are present in considerable quantity. In this, as in the operations be- 
fore-mentioned, volatile acids are lost — sulphides partly oxidized to sulphates, etc. 

The substance is placed in a tubulated retort, with about four parts of concentrated 
sulphiiiicacid, ^a«|d<gen t If heated nin til di&sdlyedormixed. A funnel is now placed in 
the tubule, and nitric acid added in Email portions, gradually raising the heat, for about 
half an hour — so as to expel the chlorine, and not vaporize chlorides. The material i* 
now transferred to a platinum dish, and heated until the sulphuric acid begins to vapor- 
.ize. Then add small portions of nitric acid, at intervals, until the liquid ceases to darken 
by digestion, after a portion of nitric axjid is expelled. Finally, evaporate off the sul- 
phuric acid, using the lowest possible heat at the close. 

942. The solvents usedvLve chiefly ether for fatty matter, and alcohol or ether, or both 
successively, for resins. Instead of either of these, benzene may be used ; and many fats 
and some resins may be dissolved in petroleum naphtha. It will be observed, that ether 
dissolves some metallic chlorides, and that alcohol dissolves various metallic salts. Be- 
fore the use of either of these solvents upon solid material, it should be thoroughly dried 
and pulverized. Fatty matter suspended in water solutions may be approximately re- 
moved by filtering through wet. close filters; also, by shaking with ether or benzene, and 
decanting the solvent after its separation, 

943. By Diaiyftis, the larger part of any ordinary inorganic substance can be ex- 
tracted in approximate purity from the greater number of organic substances in water 
solution. The degree of purity of the separated substance depends upon the kind of 
organic material. Thus, albuminoid compounds are almost fully rejected ; but saccha- 
rine compounds pass through the membrane quite as freely as some metallic salts. (Con- 
sult Watts' Dictionary, II. 316 ; III. 715.) 

PBELIMINABY EXAMINATION OF SOLIDS. 

944. Before proceeding to the analysis of a substance in the wet way, a careful study 
should usually be made of the reactions which the substance undergoes in the solid state, 
when subjected to a higli heat, either alone or in the presence of certain reagents, before 
the blow-pipe, or in the flame of the Bunsen Burner. This examination in the dry way 
precedes that in the wet, and should be carried on systematically, following the plan laid 
down in the Tables, and noting carefully every change which the substance under in- 
vestigation undergoes, and4f necessafy mating Teferenoe-to-some of the standard wet^w 
on Blow-pipe Analysis. In order to understand fully the nature of these reactions, the 
student should first acquaint himself with the character of the different parts of the 
flame, and the use of the blow-pipe in producing the reducing and oxidizing flames. 

946* TJie flame of the candle, or of the gas-jet, burning under ordinary circumstances^ 
consists of three distinct parts : a dark nucleus or zone in the centre, surrounding the 
wick, consisting of unbnrnt gas — a luminous cone surrounding this nucleus, consisting 
of the gases in a state of incomplete combustion. Exterior to this is a thin, non-lumin- 
ous envelope, where, with a full supply of oxygen, complete combustion is taking place : 
here we find the hottest part of the flame. The non-luminous or outer part is called the 
oxidizing flame; thf> luminous part, consisting of carbon and unconsumed hydrocar- 
bons, is called the reducing flame. 
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946. The fiame produced by the Blouj-pipe is divided into two parts — the oxidizing 
flame, where there is an excess of oxygen, corresponding to the outer zone of the candle- 
flame, and the reducing flame, where there is an«excess of carbon, corresponding to the 
inner zone of the candle-flame. Upon the student's skill in producing these flames, de- 
pend very largely the results in the use of the blow-pipe. 

In order to produce a good oxidizing flame, the jet of the blow-pipe is placed just 
within the flame, and a moderate blast applied— the air being thoroughly mixed with the 
^as, the inner blue flame, corresponding to the exterior part of the candle-flame, is pro- 
<iuced : the hottest and most effective part is just before the apex of the blue cone, 
where combustion is most complete. 

The reducing flame is produced by placing the blow-pipe just at the edge of the 
flame, a little above the slit, and directing the blast of air a little higher than for 
the oxidizing flame. The flame assumes the shape of a non-luminous cone, surrounded 
by a pale-blue mantle ; the most active part of the flame is somewhat beyond the apex of 
the luminous cone. 

947. The blast with the blow-pipe is not produced by the lungs, but by the action of 
the muscles of the cheek alone. In order to obtain a better knowledge of the manage- 
ment of the flame, and to practise in producing a good reducing flame, it is well to fuse 
a small grain of metallic tin upon charcoal, and raising to a high heat endeavor to pre- 
Tent its oxidation, and keep its surface bright ; or better, perhaps, to dissolve a speck of 
manganese dioxide in the borax bead on platinum wire — the bead becoming amethyst- 
red in the outer flame and colorless in the reducing flame. The beginner should work 
•only with substances of a known composition, and not attempt the analysis of unknown 
complex substances, until he has made himself perfectly familiar with the reactions of at 
least the mc"*e frequently occurring elements. 

The amount of substance taken for analysis should not be too large ; a quantity of 
about the bnlk of a mustard-seed being, in most cases, quite sufficient. 

The physical properties of the substance under examination are to be fifst noted- 
such as color, structure, odor, lustre, density, etc. 

Heating in Glass Tube Closed at One End. 

948. The substance, in fragments or in the form of a powder, is introduced into a 
small glass tube, sealed at one end, or into a small matrass, and heat applied gently, 
gradually raising it to redness, if necessary with the aid of the blow-pipe. When the 
substance is in the form of a powder it is more easily introduced into the tube by placing 
the powder in a narrow strip of paper, folded lengthwise in the shape of a trougli ; the 
paper is now inserted into the tube held horizontally, the whole brought to a vertical posi- 
tion, and the paper withdrawn ; in this way the powder is all deposited at the bottom of 
the tube. By this treatment in the glass tube, we are first to notice whether the sub- 
stance undergoes a change, and whether this change occurs with or without decomposi- 
tion. The sublimates, which may be formed in the upper part of the tube, are especially 
to be noted. Escaping gases or vapors should be tested as to their alkalinity or acidity, 
•by small strips of red and blue litmus inserted in the neck of the tube. 

Heat in Glass Tube Open at Both Ends. 

949 The substance is inserted into a glass tube from two to three inches long, about 
one inch from the end — at which point a bend is sometimes made ; heat is applied gently 
at first, tlie force of the air-current passing through the tube being regulated by inclin- 
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<ng the tube at different angles. Many substances undergoing no change in the closed 
tube, absorb oxygen, and yield volatile acids or metallic oxides. As in the previous 
case, the nature of the sublimate and the odor of the escaping gas are particularly to be 
noted. The reactions of sulphur, arsenic, antimony, and selenium, are very character- 
istic ; these metals, if present, are generally easily detected in this way. 

Heat in the Blow-pipe Flame on Charcoal. 

950. For this test, a well-burned piece of charcoal is selected, and a small cavitjr 
made in that side of the coal showing the annular rings ; a small fragment of the sub- 
stance is placed in the cavity, and, if the substance be a powder, it may be moistened 
with a drop of water. The coal is held horizontally, and the flame made lo play upoa 
the assay at an angle of about twenty-five degrees. 'J'he substance is brought to a mode- 
rate heat, and finally to intense ignition. Any escaping gases are to be tested fbr their 
odor ; the change of color which the substance undergoes, and the nature and color of 
the coating which may form near the assay, are also to be carefully noted. Some sub- 
stances, as lead, may be detected at once by the nature of the coating. 

Ignition of the Substance previously Moistened with a Drop of Cobalt 

Nitrate. 

951. This test may be effected either by heating on charcoal, in the loop of platinum 
wire, or in the platinum-pointed forceps. A portion of the substance is moistened with 
a "drop of the reagent, and exposed to the action of the outer flame. When the substance 
is in fragments, and porous enough to absorb the cobalt solution, it may be held in the 
platinum- pointed forceps, and ignfted. The color is to be noted after fusion. This test 
is rather limited ; Aluminium, Zinc, and Magnesium giving the most characteristic re- 
actions. 



Fusion with Sodium Carbonate on Charcoal. 

P52. The powdei-ed substance to be tested is mixed with the Soda, moistened, anit 
placed in the cavity of the coal. Some substances form, with soda at a high heat, fusible 
compounds — others infusible. Many bodies, as silicates, require fusion with alkali car- 
bonate before they can be tested in the wet way. Many metallic oxides are reduced to 
metal, forming globules, which may be easily detected. 

When this test is applied for the detection of sulphates and sulphides, the flame of 
the alcohol-lamp is to be substituted for that of the gas-flame, as the latter generally 
contains sulphur compounds. 

Examination of the Color which may be imparted to the Outer Flame. 

953. In this way many substances may be definitely detected. The lest may be ap- 
plied either on charcoal or on the loop of platinum wire — preferably in the latter way. 
When the substance will admit a small fragment is placed in the loop of the platinum 
wire, or held in the platinum-pointed forceps, and the point of the blue flame directed 
upon it. If tlie substance is a powder it may be made into a paste with a drop of water, 
and placed in the cavity of the charcoal, the flame being directed horizontally across the 
coal. The color which the substance imparts to the outer flame in~eitber case is noted. 
In most cases the flame of the Bunsen Burner alone will suffice; the substance being 
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heated in the loop of platinum wire— which, in all cases, should be first dipped in hydrc 
chloric acid, and ignited, in order to secure against the presence of foreign substances. 
Those salts which are more volatile at the temperature of tiie flame, as a rule give the 
most intense coloration. When t^oor more subi^tances aie found together, it is some- 
times the case that one of them masks the color of all the others — the bright yellow flame 
of Sodium, when present in excess*, generally veiling the flame of the other elements. 
In order to obviate this, Bunsen has furnished us a method,* by the use of colored media 
(stained glasses, indigo solution, etc.) The appearance of the flame of various bodies, 
when viewed through these media, enables us often to detect very small quantities of 
them in the presence of large quantities of other substances. 



Treatment of the Substance with Borax and Microcosmic Salt. 

954. This is best effected in the loop of platinum wire. This is heated and dipped into 
the borax or salt of phosphorus, and heated to a colorless bead; a small quantity of the 
substance under examination is now brought in contact with the hot bead, and heated, 
in both the oxidizing and reducing flames. Any reaction which takes place during the 
heating must be noticed; most of the metallic oxides are dissolved in the bead, and form 
a colored glass, the color of which is to be observed, both while hot and cold. The color 
of the bead varies in intensity, according to the amoimt of the substance used ; a very 
sm£jl quantity will, in most cases, suffice. Certain bodies, as the alkaline earths, dis- 
solve in borax, forming beads which, up to a certain degree of saturation, are clear. 
When these beads are brought into the reducing flame, and an intermittent blast used, 
they become opaqiie. This operation is called flaming. 

As reducing agents, certain metals are employed in the bead of borax or salt of phos- 
phorus. For this purpose Tin is generally chosen — Lead and Silver being taken in some 
cases. These metals cannot be used in the loop of platinum wire, as they will alloy the 
platinum. The beads are first formed in the loop of wire ; then, while hot, shaken off 
•into a porcelain dish, several being so obtained. A number of these are now taken on 
charcoal and fused into a large bead which is charged with the substance to be tested, 
and then with the tin or other metal. For this purpose tin foil (or lead foil) is pre- 
viously cut in strips half an inch wide, and the strips rolled into rods. The end of the 
rod is touched to the hot bead to obtain as much of the metal as required. Lead may be 
added as precipitated lead {** proof-lead "), and silver as precipitated silver. By aid of tin 
in the bead, cuprous oxide, ferrous oxide, and metallic antimony are obtained and other 
reductions effected, as directed in 348 and elsewhere. 



* For a full account of the method of analysis by flame reactions and colored media, snggested by 
Cartmell ; and by films on porcelain, as developed by Bunsen ; consult Watts'* IHct., Ist Supplement, 
p. 125 ; also Plattner^s Manual^ Blow-pipe Anal.^ Richter, N. Y. 
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292 Treatment of a Metal or an Alloy, 

TEEATMEira OP A METAL OR AN ALLOY.* 

957. On account of the different effect that Nitric Acid has upon the uncombined 
metals, it is used as a solvent in their detection. Thus : 
Gold and Platinum are not attacked by Nitric Acid. 

Tin and Antimony are oxidized and converted into compounds that are insoluble 
both in water and an excess of the acid. 

6Sb + lOHNOs = SSbaOft + lONO + 5HaO 
ISSn + 2OHNO3 + 5H2O = 3HioSn50i5 -f- 20NO 
All the other metals are oxidized and converted into compounds that dissolve either 
in water or an excess of the acid; e.g,: 

3Pb -f- 8HNO, = 3Pb(NOs)9 + 2NO + 4HaO 
Bi + 4HNOs = Bi(N03)3 + NO + 2H3O 



> Method of Procedure,\ 

Place a small quantity of the metal or alloy, about equal in bulk to a pea, having 
previously obtained it in as finely divided a state as possible, in an evaporating-dish, or 
any suitable vessel, cover well with Nitric Acid, *p. gr. 1.20, and apply heat. Continue 
the application of heat, replacing from time to time tlie acid lost by evaporation, until 
the metal or alloy is dissolved or wholly disintegrated. 

If complete solution takes place immediately, pass on to ^4. 

If a residue remains decant the liquid portion upon a filter; again add Nitric Acid ta 
the residue, heat, and again decant upon the same filter. Then thoroughly wash with hot 
water, either by boiling with water and decanting, or by transferring. the whole to and 
pouring hot water through the filter. Add the first portions of the hot-water filtrate to 
the Nitric Acid filtrate already obtained, and treat the mixture as directed in J., after 
having, first, evaporated a drop or two on platinum foil, to ascertain whether anything 
has really been dissolved. 

Treat the residue as directed in B, 



A. — Tlie Nitric Acid Solutio7i, 

This solution may contain any of the metals, except those mentioned under B, 
If the Nitric Acid has effected a whole or partial solution of the original metal or 
alloy, evaporate almost to dryness to remove excess of acid, add about ten times its bulk 
of water, and proceed with the separation and detection of the metals in the regular 
way. 

Should the concentrated liquid become turbid when diluted with water, the presence 
of bismuth is indicated. In this case enough acid must be added to clear up the so- 
lution. ^: 

* This eection is furnished by J. W. Baird, A.M., Professor of Analytical Chemistry in the Massachu- 
setti College of Pharmacy, recently Instructor in Assaying and Qualitative Analysis in Lehigh University. 

t When gold or platinum constitutes more than one-quarter of the alloy, Nitric Acid fails to extract the 
whole of the base metals that otherwise are realily soluble. In such a case the amount of gold or platinum 
must be reduced to at least 25 per cent, by fusing the alloy with the requisite amount of that base meta) 
whose nbsence is surely known. 

X Arsenic, if present in the original alloy, now exists in the form of Arsenic Acid, the precipitation of 
which requires heat and long-continued passage of H3S. ' 
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B, — The Residue Insoluble in Nitric Acid. 

This may contain gold and platinum in their metallic forms, and tin * and anti* 
mony* in tiie form of metastannic and antimonic acids. The separation of the two 
former from tiie two latter depends upon the fact that the metastannic and antimonic 
acids are soluble in hydrochloric acid, forming SnCl4 and SbCle. 

Digest, therefore, the well-washed residue in concentrated hydrochloric acid at a 
boiling temperature for from 5 to 10 minutes; then add at once an equal volume of water 
(to take the SnCl4 into solution), and bring to the boiling point. 

If gold or platinum existed in the original metal or alloy it will now be found in the 
form of a dark-brown or black powder or mass, insoluble in the hydrochloric acid. If 
such a residue exists, decani while hot, again add hydrochloric acid, heat, and again de- 
cant. 

The Hydrochloric Acid Solution. 

This solution may have a turbid appearance, especially when cold, due to the action 
. of the water upon the SbCls ; but without filtering proceed with the separation and de- 
tection of the tin and antimony by the usual process, f 

Tlie Dark'Colored Residue. 

Add, after wasiiing, two volumes of hydrochloric and one of nitric acid; evaporate 
almost or quite to dryness, dissolve in a small quantity of water (to obtain a concentrated 
solution), and divide into two portions. 

The gold and platinum have been dissolved by the aqua-regia formed, and now exist 
as auric and platinic chlorides. 

First Portion — Test for Gold, 

Dilute with at least ten times its bulk of watet; add a drop or two of a mixture of 
stannous and stannic chlorides ; a purple or brownish-red precipitate (or coloration), 
purple of cassius, constitutes the test for gold. 

A convenient way of preparing this mixture of stannous and stannic chlorides is to 
(a) Add a few drops of chlorine-water to a solution of stan^us chloride; or 
{h) Add to a small quantity of stannous chloride enough ferric chloride to produce a 
faint coloration. 

Second Portion — Test for Platinum, 

Add, without dilution, an equal volume of a strong solution of ammonium chloride. 
The formation, either at first or on standing, of a lemon-yellow crystalline precipitate, 
consisting of the double chloride of platinum and ammonium — (NH401)aPtOl4— consti- 
tutes the test for platinum. 

Addition of alcohol favors the precipitation. 

If the proportion of platinum is very small, the mixture, after ammonium chloride 
has been added, should be evaporated to dryness on a water-bath and the residue treated 
with dilute alcohol. The ammonium platinic chloride remains behind as a yellow crys- 
talline powder. 

♦ Traces may sometimes be dissolved. 

t Arsenic must be looked for in this as well as in the nitric acid solution. For when the alloy contain* 
arsenic, part of it will combine with the antimony and tin, and be held in the residue. 
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SOLUBILmES OF THB SALTS OF EACH AOID. 

969. Concerning salts insoluble in water, it is stated by what acids they are trans- 
posod, and from this it will be seen by what acids they may be dissolved, i.6., changed 
to compounds soluble in water. As to the solution of salts insoluble in water (and acids) 
by decomposition witii alkaUe^y see 823. For more specific statements as to decompoj^in^ 
and dissolving agents, refer to the descriptions of the acids in question in the text. 

Acetates. All soluble in water; Silver and Mercnrous are sparingly soluble. 

Arsenates. Closely resemble the (ortho)phosphateSy both in solubilities and in transpo* 
sition with acids. 

Arsenites. Those of the Alkali bases are soluble. Those of Barium and Strontium, 
sparingly soluble ; the others are insoluble in water, but transposed by dilute 
acids. 

Borates. Only those of the Alkali bases are freely soluble in water ; many of the others 
being slightly soluble. They are transposed by all acids, except carbonic. Some 
of the metals form non-normal borates. 

Bromates. All soluble in water ; Silver, Lead, and Mercurous, sparingly soluble. 

Bromides. Silver, Lead, and Mercurous, insoluble ; Mercuric, sparingly soluble ; Bis- 
muth, instable ; all others soluble in water. The bromides insoluble in water are 
scarcely transposed with sulphuric acidf or with dilute nitric acid (698). 

» 

Carbonates. Those of the Alkali bases only are soluble in water. The acid carbonates 
less abundantly than the normal. Most of the others are made slightly soluble by 
free carbonic acid. Carbonates are transposed by all acids, except hydrosulphuric 
and hydrocyanic. The pseudo-triads do not form carbonates ; some other heavy- 
metals form basic carbonates in the wet way. 

Ohlorates. AU soluble in water. Potassium chlorate but moderately soluble. 

Ohlorides. Silver and Mercurous, insoluble; Lead, slightly soluble; all others soluble in 
water ; antimonious, stannous and bismuth, soluble in acidulated water. 

Ohromates. Those of the bases of the Alkalies, and Magnesium, Calcium, and Zinc^ 
are soluble in water; Strontium and Mercuric, sparingly soluble; nearly all others 
insoluble. Iron, Manganese, and Copper form chromates not normal — some of 
which are soluble in water, but chiefly instable in solution. 

Oitrates. Those of the Alkali bases are freely soluble in water ; of Iron, Copper, and 
Zinc, moderately soluble ; the other {single) citrates, mostly insoluble ; the double 
citrates mostly soluble. The insoluble citrates are transposed by dilute mineral 
acids. 

Cyanides Mostly insoluble in water ; except those of the Alkali and Alkaline earth 
metals, and double cyanides containing these. Barium cyanide is sparingly soluble. 
Cyanides are transposed by nearly all acids, even when dilute. 

Ferricyanides. Those of the Alkali and Alkaline earth bases are soluble in water; that 
of Barium, sparingly. A considerable number of the others are insoluble in water, 
and certain of the bases do not form ferricyanides. See 693. They differ as to 
transposition with acids, but those insoluble are transposed by alkalies. 

Ferrocyanides. Those of the Alkali bases and of Magnesium, Calcium (not the potassio 
calcium), and Strontium are soluble in water. See 689. Those insoluble differ as 
to transposition by acids, but are transposed by alkalies. . 

Fluorides. Those of the Alkali bases are freely soluble in water; those of the Alkaline 
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earth metals insoluble ; of Copper, Bismuth, Cadmium, Ferricum, and Zinc, 
sparingly soluble; Silver, Tin, and Mercuric, soluble. The insoluble fluorides are 
transposed by strong sulphuric acid, and less easily by hydrochloric and nitric 
acids. 

Hypochlorites. All soluble in water, (Decomposed by all acids.) 

HypophOBphites. All soluble in water, (Decomposed by nearly all acids.) 

lodates. Only those of the Alkali bases are freely soluble; the others insoluble, or 
sparingly soluble. Calcium, sparingly soluble ; Barium, Silver, and Lead, insolu- 
ble. Transposed by moderately dilute mineral acids — those of Silver and Lead by 
nitric acid not dilute. 

Iodides. Silver, Lead, Mercurous, Mercuric (and Palladous), insoluble in water. Bis- 
muthy and to some extent Copper iodides, are decomposed by water without solu- 
tion. The others are soluble. The insoluble Iodides are tra/nsposed with diflB- 
culty, or not at all, by sulphuric acid or nitric acid. (894.) 

Nitrates. All soluble in water. 

Nitrites. All soluble in wa^er ; Silver, sparingly. 

Nitrophenates. All soluble in water; Potassium, Ammonium, and Lithium, very 
sparingly ; most othei's, more freely. 

Oxalates of the Alkali bases are soluble; Chromium and Stannic oxalates, soluble ; 
Magnesium and Ferric oxalates, sparingly soluble; the others chiefly insoluble or 
slightly soluble. Transposed by sulphuric, hydrochloric, and nitric acids, not by 
acetic. 

Permanganates. AU soluble in water; Silver, sparingly. A number of the bases de- 
compose the acid radical. 

Fhosphates(ortho-). Of the di- and tri-metallic salts, only those of the ordina/ry Alkali 
bases are soluble in water, (Lithium, insoluble.) Those two-thirds hydric (** acid 
phosphates") are all soluble in water, to some extent. Acetic acid transposes most 
of the insoluble phosphates, except those of Iron, Aluminium, and Lead; and 
dilute hydrochloric, nitric, and sulphuric acids transpose all phosphates (partly or 
wholly, 761). 

Pyrophosphates are insoluble in water, except those of the common Alkali bases. They 
are scarcely at all transposed by acetic acid, but yield their bases to the stronger 
acid radicals. 

Metaphosphates of the common Alkali bases, only, are soluble in water. They are not 
transposed with acetic acid, and some of them not readily by other acids when 
dilute. 

Silicates. Those of the Fixed Alkali babies, only, are soluble in water. These, in solu- 
tion, are transposed by all acids. Of the silicates insoluble in water, many are 
transposed with hydrochloric or sulphuric acid, but the larger numlDer of the 
natural silicates resist acids. All are decomposed by hydrofluoric acid, and by the 
fixed alkalies. 

Sulphates. Those of Barium, Lead, Strontium. Calcium, are insoluble in water, the 
last-named being slightly soluble. Argentic and Mercurous sulphates are spar- 
ingly soluble. Mercuric, Antimonious, and Bismuth sulphates require acidulated 
water for solution. AU others are soluble in water. Sulphates are not transposed 
with acids, at ordinary temperatures. 

Sulphites. Those of the Alkali bases are soluble ; aU others insoluble, or very sparingly 
soluble in water. Those of the Alkaline earth metals are somewhat soluble in 
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solution of sulphurous acid. All sulphites are transposed by acetic and the mine- 
ral acids. 

Sulphides. Of the bases of the Alkalies and Alkaline earths, soluble; the others insolu- 
ble in water. The earth metals do not form sulphides. Sulphides of the third- 
group metals are transposed with dilute acids; those of the second group metals 
(except Mercury), transposed or decomplosed by hydrochloric, nitric, and sulphuric 
acids. 

^liocyanates. Those of Alkali and Alkaline earth bases, and of Iron, Manganese, 
Zinc, Cobalt, and Copper, are soluble in water. Mercuric, sparingly soluble. 
The others are transposed by dilute acids. 

Tartrates. Those of the Alkali bases are soluble in water, the acid tartrates of Potas- 
sium, Ammonium, Rubidium, and Caesium but sparingly soluble. Manganous, 
Ferric, Cobalt, Stannous, and Antimonious tartrates are soluble; Calcium tartrate, 
slightly soluble. The other tartrates, not soluble in water, are mostly somewhat 
soluble in solution of tartaric acid, and mostly soluble in solutions of Alkalies (as 
double tartrates) ; also transposed by the mineral acids. 

Thiosolphates. All solvbh in water ; those of Barium, Lead, and Silver sparingly 
soluble in water, but made soluble as double salts. Decomposed by aH adds, 786. 
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REAGENTS* 



[Aq. = HsO as crystallization water.] 

971. Acid, Acetic, HCOaHsOa). Sp. grav. 1.04 30 p.c. acid. 

Hydrochloric, HOI. Sp gray. 1.12. 24 p.c. acid. 

Hydxosulphuric, HaS. Water saturated with the acid (777). 

Hydrofluosilicic, (HF)3SiF4. (741.) 

Nitric, HNO,. Sp. grav. 1.2 (»S2 p.c. acid). 

Nitro-hydroohloric, NOOla + Ol. About one part of concentrated Nitrio 
to 3 parts of Hydrochloric acid. 

Nitrophenic, H08Ha(NOa)30. (728.) 

Oxalic, HaOaOi. 2 aq. Crystals dissolved in 10 parts of water. 

Sulphuric, HaSOi. Concentrated, sp. grav. 1.843. 

Tartaric, Ha(04H408). Crystals dissolved in 3 parts of water. 

Ohlorine-Water, Ol. Water saturated with chlorine (833). 

Alcohol, OaHftO. Sp. grav. .815. About 95 p.c. 

Ammonium Ohloride, NH4OI. One part crystallized salt in 8 parts of water. 

Ammonium Carbonate, (NH4)2003. One part of crystallized salt in 4 parts water, with 
one part of solution of Ammonia. As a solvent for arsenious sulphide, the reagent 
is prepared without the addition of solution of ammonia, (NH4)4Ha(008)«. 

Ammonium Hydroxide, NH4OH. Sp. grav. .96. 10 p.c. NHs. 

Ammonium Molybdate, (NH4)aMo04. Solution in Nitric acid. 

Ammonium Sulphide, (NH4)aS, colorless; (NH4)aSa or NH4HS, yellow; solution of 
ammonia, treated with hydrosulphuric acid. 

Ammonium Oxalate^ (NHi)iCt]04. One part of the crystallized salt (aq.) in 24 parts of 
water. 

Barium Ohloride, BaCla. One part of the crystallized salt (2 aq.) to 10 parts of water. 

Barium Carbonate, BaCOs. (103.) 

Barium Hydroxide, Ba(OH)2. ^ saturated water solution (88). 

Barium Nitrate, Ba(N03)2. One part to 15 of water. 

Oalcium Chloride, CaCla. One part salt (6 aq.) dissolved in 8 parts of water. 

Calcium Hydroxide, Ca(OH)a. A saturated water solution (131), also the dry solid. 



* In the greater number of cases, reagents should be " chemically pure." Different uses require dif- 
ferent degrees of purity. An article of sodium hydroxide contaminated with chloride may be used in some 
operations; not in others. Those who have had training in analysis can do without specific directions, 
which cannot be made to cover all circumstances ; and the beginner must depend on others for the selectioOk 

9f reagents 
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Calcium Sulphate, OaSOi. A saturated water solution (88). 

Carbon Disulphide, OSa. (873.) 

Cobaltous Nitrate, Co(N08)3. One part crystallized salt (5 aq.) dissolved in 8 parts of 

water. 
Copper Sulphate, CUSO4. One part of the crystallized salt (5 aq.) in 8 parts of water. 

Sther, (OaH6)aO. Sp. grav. not over .728^containing not over 5 p.c. alcohol. 

Ferrous Sulphate, FeSOi. One part crystallized (7 aq.) in 5 parts of water. 

Ferric Chloride, FoaClo. One part of the solid salt (6 aq.) to 15 parts of water. 

Gold Chloride, AuCls. Prepared by dissolving pure gold — which may be obtained by 
precipitation with Oxalic acid — in nitro-hydrochloric acid, evaporating to dryness on 
the water- bath, and dissolving in water. 

Iiead Acetate, Fb(CaHs02)a. One part of the crystallized salt (3 aq.) dissolved in 10 
parts of water. 

Magnesium Sulphate, MgSOi. One part of the crystallized salt (7 aq.) to 10 parts of 
water. 

Mercuric Chloride, HgCla. One part of the crystallized salt in 16 parts of water. 

Merourous Nitrate, Hga(NOs)a. One part of the crystallized salt (2 aq.) dissolved in 20 
parts of water, acidulated with one part nitric acid, or prepared by dissolving mer- 
cury. 

Falladons Chloride, FdCla. One part of the salt to 20 of water. 

Potassium Chromate, K2Cr04. One part dissolved in 10 parts of water. 

Potassium Dichromate, KaCraOr. One part dissolved in 10 parts of water. 

Potassium Chlorate, KClOs. The crystallized salt. 

Potassium Cyanide, KCN. One part dissolved in 4 parts of water. 

Potassium Ferrocyanide, E4Fe(CN)6. One part of the crystallized salt (3 aq.) dissolved 
in 12 parts of water. 

Potassium Ferricyanide, E6Fea(CN)ia. One part dissolved in 12 parts of water. 

Potassium Iodide, EI. One part dissolved in 20 parts of water. 

Potassium Mercuric Iodide. Nessler's Solution. Dissolve 3.5 grams of EI in 10 c.c. 
of water ; dissolve 1.6 grams of HgCla in 30 c.c. of water; add the mercury solution 
gradually, and with constant stirring, to the potassium iodide solution, until the 
precipitate ceases to be redissolved ; then add 60 c.c. Potassium hydroxide solution 
and filter. Keep in small bottle, well stoppered. 

Potassium Nitrate, ENd. The crystallized salt. 

Potassium Metantimonate, ESbOs. (514.) 

Potassium Thiooyanate, ECNS. One part dissolved in 12 parts of water. 

Potassium Hydrogen Sulphate, EHSO4. 

Potassium Sulphate, E3SO4. One part dissolved in 12 parts of water. 

Platinic Chloride, PtCl4. One part to 10 parts of water. Also prepared by dissolving 
the scrap-metal in nitro hydrochloric acid, and purifying by precipitation with am- 
raonic chloride, dissolving again in the same acid, and evaporating to dryness. 

Sodium Acetate, Na(CaH803). One part crystallized salt (3 aq.) to 5 of water. 

Sodiiun Carbonate, NaaCOs. The dry salt. Also a solution of the crystals (10 aq.) in 
5 parts of water. 

Sodiimi Diborate, NaaO(BaOs)3. The crystallized salt (10 aq.), or dried. 
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Sodium Hydroxide, NaOH. Solution in 9 parts of water. 

Sodium Thioralphate, NaiSaOt 5HaO. (Hyposulphite.) One part of the salt in 40 
parts of water. 

Sodium H3rpochlorite, NaOIO. Agitate one part of good bleaching-powder with ten 
parts of water; add solution of sodium carbonate as long as a precipitate is formed; 
allow {he solid matter to subside, and siphon oft. 

Sodium Phosphate, NaaHP04. (Disodium hydrogen phosphate.) One part of the crys- 
tallized salt (12 aq.) in 10 parts of water. 

Sodium Fhoaphomolybdate. (604.) 

Sodium Sulphide, NaaS. One part of the solution of soda saturated with Hydrosol- 
phuric acid, to one part unchanged soda solution. 

Sodium Sulphite, NaaSOs. One part of the salt to 5 parts of water. 

Silver Nitrate, AgNO». One part crystallized salt in 20 parts of water. 

StamiouB Chloride, SnOla. One part of the crystallized salt (2 aq.) in 6 parts of water, 
acidulated with hydrochloric acid (529). 

Strontium Sulphate, SrSOi. A saturated water solution (88). 

Zino^ Zn. The granulated metal should be platinized according to dSS. 
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Chlorine 244 

Q-roup 245 

Peroxide 253 

Chlorous Acid 253 

Chromic Acid 45 

Chromium 43 

Chlorochromic Acid 249 

Citric Acid 177 

Classification of Metals 16 

Cobalt 59 

Copper '. 84 

Cyanic Acid 195 

Cyanogen. ... 187 

Decipium 81 

Didymium 82 

Dithionic Acid 233 

Dithionous Acid 232 

Earths 46 

Equations, Rule for Balancing 169 

E rbium 82 

Ferricyanic Acid 193 

Ferrocyanic Acid 191 

Fifth Group 17 

First Group 83 

Flame Reactions '• . . . 291 

Fluorine 212 

Fourth Group 29 

Gallium 81 

Germanium 163 

Glucinum — see Beryllium 77 

Gold 158 

Group!, andll 83 

III 38 

IV 29 

V 17 

Grouping of Metals 16 
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A Manual for Amateurs and Young Students on Electro-Metallurgy. 
60 Illustrations. 12mo, cloth $1.20 

BOW, R. H. A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 156 illustra- 
tions. 8vo, cloth $1.50 



BOWSER, Prof. E. A. An Elementary Treatise on 

Analytic Geometry. Embracing Plane Geometry, and an Intro- 
duction to Geometry of three Dimensions. 12mo, cloth. Eighteenth 
edition $1.75 

An Elementary Treatise on the Differential and 

Integral Calculus, With numerous examples. 12mo, cloth. Four- 
teenth edition $2.25 

An Elementary Treatise on Analytic Mechanics. 

With numerous examples. 12mo, cloth. Eighth edition $3.00 

BOWSER, Prof. E. A. Academic Algebra Second edi- 
tion, 12mo, cloth $1.25 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth. Fourth edition $2.50 

College Algebra. Fourth edition. 12mo, cloth $1.75 

Elements of Plane and Solid Geometry. 12mo, 

doth. Second edition $1.40 

BOWIE, AXTG. J., Jun., M. E. A Practical Treatise on 

Hydraulic Mining in California. With Description of the Use and 
Construction of Ditches, Flumes, Wrought-iron Pipes and Dams ; 
Flow of Water on Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Fifth edition. Smidl quarto, cloth. Illus- 
trated $5.00 

BURGH, N. P. Modem Marine Engineering, applied 

to Paddle and Screw Propulsion. Consisting of 36 colored plates, 259 
practical woodcut illustrations, and 403 pages of descriptive matter. 
The whole being an exposition of the present practice of James Watt 
& Co., J. & G. Rennie, R. Napier & Sons, and other celebrated firms. 
Thick 4to vol., half morocco $10.00 

BURT, W. A. Key to the Solar Compass, and Survey- 
or's Companion. Comprising all the rules necessary for use in the 
field ; also description of the Linear Surveys and Pubuo Land System 
of the United States, Notes on the Barometer, Suggestions for an Out- 
fit for a Survey of Four Months, etc. Fifth edition. Pocket-book 
form, tuck $2.50 

CALDWELL, Prof. GEO. C, and BRENEMAN, Prof. 

A. A. Manual of Introductory Chemical Practice. For the use of 
Students in Colleges and Normal and High Schools. Fourth edition, 
revised and corrected. 8vo, cloth. Illustrated $1 .50 

CAMPIN, FRANCIS. On the Construction of Iron 

Roofs. A Theoretical and Practical Treatise, with wood-cuts and 
Plates of Koofs recently executed. 8vo, cloth $2.00 

CARTER, E. T. Motive Power and Gearing for Elec- 
trical Machinery (In press. ) 
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CHAUVENET, Prof. W. New Alethod of Correcting 

Lunar Distances, and Improved Method of Finding the Error and 
Rate of a Chronometer, by Equal Altitudes. 8vo, cloth $2 00 

CHT7KCH, JOHN A. Notes of a Metallurgical Journey 

in Europe. 8vo, cloth $2.00 

CLARK, D. KENNEAR, C.E. A Manual of Rules, 

Tables and Data for Mechanical Engineers. Based on the most recent 
investigations. Illustrated with numerous diagrams. 1,012 pages. 

8vo, cloth, Sixth edition $5.00 

Hali morocco *. $7.50 

Fuel ; its Combustion and Economy, consisting of 

abridgements of Treatise on the Combustion of Coal. By C. W' 
Williams; and the Economy of Fuel, by T. S. Prideaux. With 
extensive additions in recent practice in the Combustion and Economy 
of Fuel, Coal, Coke, Wood. Peat, Petroleum, etc. Fourth edition. 
12mo, cloth $1.50 

The Mechanical Engineer's Pocket Book of 

Tables, Formulae, Rules and Data. A Handy Book of Reference 
for Daily Use ii Engineering Practice 16mo., morocco. Second 
edition , $3.00 

Tramways, their Construction and Working, em- 
bracing a comprehensive history of the system, with accounts of the 
various modes of traction, a description of the varieties of rolling 
stock, and ample details of Cost and Working Expenses. Second ed- 
ition. Re- written and greatly enlarged, with upwards of 400 illustra- 
tions. Thick 8vo, cloth .$9 00 

CLARK, JACOB M. A new System of Laying Out 

Railway Turn-outs instantly, by inspection from tables. 12mo, leath- 
erette $1.00 



CLEEMANN, THOS. M. The Railroad Engineer's 

Practice. Being a Short but Complete Description of the Duties of 
the Young Engineer in the Prelimary and Location Surveys and in 
Construction. 4:th ed., revised and enlarged. Ulus. 12mo, cloth $1.50 

CLEVENGER, S. R. A Treatise on the Method of 

Government Surveying as prescribed by the U. S. Congress and 
Commissioner of the General Land Office, with complete Mathe- 
matical, Astronomical and Practical Instructions for the use of the 
United States Surveyors in the field. 16mo, morocco $2.50 

COLBURN, ZERAH. The Gas- Works of London. 12mo, 

boards 60 

COLLINS, JAS. E. The Private Book of XTsefal Alloys 

and Memoranda for Goldsmiths, Jewelers, etc. 18mo, cloth 50 

CORNWALL, Prof. H. B. Manual of Blow-Pipe An- 
alysis, Qualitative and Quantitative. With a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustrations. . . .$2.50 
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CRAIG, B. F. Weights and Measures. An account of 

the Decimal System, with Tables of Conversion for Commercial and 
Scientific Uses. Square 32mo, limp cloth 50 

CROCKER, F. B. Electric Lighting. Designed as a Text- 
Book for Colleges and Technical Schools, and as a handbook for En- 
gineers, Architects and others interested in the Installation or Opera- 
tion of Electric Lighting Plants (In press) 

CROCKER, F. B., and S. S. WHEELER. The Practical 

Management of Dynamos and Motors. Third edition, (fifth thousand) 
revised and enlarged, with a special chapter by H. A. Foster. 12mo, 
cloth, illustrated «1 00 

CUMMING, LINNiEUS, M.A. Electricity treated 

Experimentally. For the use of Schools and Students. New edition. 
12mo, cloth $1.50 

DAVIESj E. H. Machinery for Metalliferous Mines. 

A Practical Treatise for Mining Engineers, Metallurgists and Manu- 
facturers. With upwards of 300 illustrations. 8vo, cloth $5.00 

DAVIS, JOHN W., C.E. FormulsB for the Calculation 

of Bail Boad Excavation and Embankment, and for finding Average 
Haul. Second edition. Octavo, half roan $1.50 

DAVIS, J. WOODBRIDQE. Theoretical Astronomy. 

Dynamics of the Sun. 4to, paper $3.00 

DIXON, D. B. The Machinist's and Steam Engineer's 

Practical Calculator, A Compilation of Useful Rules and Problems 
arithmetically solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruction in Screwcutting, 
Valve and Link Motion, etc. 16mo, full morocco, pocket form. .$2.00 

DODD, GEO. Dictionary of Manufactures, TVflni-ngv 

Machinery, and the Industrial Arts. 12mo, cloth $1.50 

DORR, B. F. The Surveyor's Guide and Pocket Table 

Book. 18mo, morocco flaps. Third Edition $2.00 

DUBOIS, A. J. The New Method of Graphic Statics. 

With 60 illustrations. 8vo, cloth $1.50 

EDDT, Prof. H. T. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal Stress in 
Graphical Statics. 8vo, cloth $1.50 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. Svo, cloth $1.50 

EISSLER, M. The Metallui^y of Gold ; a Practical 

Treatise on the Metallurgical Treatment of Gold-bearing Ores, in- 
cluding the Processes of Concentration and Chlorination, and the 
Assaying, Melting and Beflning of Gold. Fourth edition, revised and 
greatly enlarged. 187 illustrations. 12mo, cl $7.50 
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EISSLER, M. The Metallurgy of Silver; a practical 

treatise on the Amalgamation, Boasting and Lixivation of Silver Ores, 
including the Assaying, Melting and Befining of Silver Bullion. 124 
illustrations. Second edition, enlsurged. 12mo, cloth $4.00 

The Metallurgy of Argentiferous Lead; a Prac- 
tical Treatise on the Smelting of Silver-Lead Ores and the Befining of 
Lead Bullion. Including Beports on Various Smelting Establish- 
ments and Descriptions of Modem Smelting Furnaces and Plants in 
Europe and America. With 183 illustrations. 8vo, cloth 85.00 

ELIOT, Prof. C. W., and STOKER, Prof. F. H. A 

Compendious Manual of Qualitative Chemical Analysis. Bevised 
with the co-operation of the authors, by Prof. William B. Nichols. 
Illustrated. Seventeenth edition, newly revised by Prof. W. B. Lind- 
say. 12mo, cloth $1.50 

ELLIOT, Maj. GEO. H., XT. S. E. European Light- 
House Systems. Being a Beport of a Tour of Lispection made in 
1873. 51 engravings and 21 woodcuts. 8vo, cloth $5.00 

ENDLICH, F. M. Manual of Qualitative Blow-Pipe 

Analysis and Determinative Mineralogy. Illustrations and Colored 
Plate of Spectra. 8vo, cloth $4.00 

EVERETT, J. D. Elementary Text-Book of Physics. 

Illustrated. Seventh edition. 12mo, cloth $1.40 

EWING, Prof. A. J. The Magnetic Induction in Iron 

and other metals. 159 illustrations. 8vo, cloth $4 00 

FANNING, J. T. A Practical Treatise on Hydraulic 

and Water-Supply Engineering. Belating to the Hydrology, Hydro- 
dynamics, and Practical Construction of Water-Works in Nort 
America. 180 illustrations. 8vo, cloth. Eleventh edition, revised, 
enlarged, and new tables and illustrations added. 650 pages. . . .$5.00 

PISH, J. C. L. Lettering of Working Drawings. Thir- 
teen plates, with descriptive text. Oblong, 9x12^, boards $1.00 

FISKE, Lieut. BRADLEY A., U.S.N. Electricity in 

Theory and Practice; or. The Elements of Electrical Engineering. 
Eighth edition. 8vo, cloth $2.50 

FLEMING, Prof. J. A. The Alternate Current Trans- 
former in Theory and Practice. Vol. I — The Induction of Electric 
Currents; 500 pages. Second edition. Illustrated. 8vo, cloth.$3.00 
Vol. n. The Utilization of Induced Currents. Illustrated. 8vo, 
cloth $5.00 

FLEMING, Prof. J. A. Electric Lamps and Electric 

Lighting. Being a course of four lectures delivered at the Royal In- 
stitution, April-May, 1894. 8vo, cloth, fully illustrated $3.00 

FLEMING, Prof. J. A. Electrical Laboratory Notes and 

Forms, elementary and advanced. 4to, cloth, illustrated $5.00 
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FOLEY, (NELSON) and THOS. PRAY, Jr. The 

Mechanical Engineers' Reference Book for Machine and Boiler Con- 
struction, in two parts. Part 1 — General Engineering Data. Part 2 
— Boiler Construction. With fifty-one plates and numerous illustra- 
tions, specially drawn for this work. Folio, half mor $25.00 

FORNEY, MATTHIAS N. Catechism of the Locomo- 
tive. Second edition, revised and enlarged, iorty-sixth thousand. 
8vo, cloth $3.50 

FOSTER, Gen. J. G., U.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts. Bemoval of Tower and Corwin 
Bocks. Illustrated with 7 plates. 4to, cloth $3.50 

FRANCIS, Jas. B., C.E. Lowell Hydraulic Experi- 
ments. Being a selection from experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in open Canals of uniform rec- 
tangular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth edition, revised and 
enlarged, with many new experiments, and illustrated with 23 copper- 
plate engravings. 4to, cloth $15.00 

GEIPEL, WM. and KILGOUR, M. H. A Pocketbook 

of Electrical Engineering Formulae. Illustrated. 18mo, mor. .$3.00 
Large paper edition, wide margins. 8vo, morocco, gilt edges $5.00 

GERBER^ NICHOLAS. Chemical and Physical An- 
alysis ot Milk, Condensed Milk and Infant's Milk-Food, hvo, 
cloth $1.25 

GILLMORE, Gen. Q. A. Treatise on Limes, Hydraulic 

Cements, and Mortars. Papers on Practical Engineering, United 

States Engineer Department, No. 9, containing Reports of numerous 

Experiments conducted in New York City during the years 1858 to 

1861, inclusive. With numerous illustrations. 8vo, cloth $4.00 

Practical Treatise on the Construction of Roads, 

Streets, and Pavements. With 70 illustrations. 12mo, cloth, $2.00 

Report on Strength of the Building-Stones in the 

United States, etc. 8vo, illustrated, cloth $1.00 

GOODEVE, T. M. A Text-Book on the Steam-Enguie. 

With a Supplement on Gus-Engines. Twelfth edition. Enlarged. 
143 illustrations. 12mo, cloth ^.00 

GORDON, J. E. H. School Electricity. Illustrations. 

12mo, cloth $2.00 

GORE, G., P. R. S. The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) Illustrated. 8vo, 
cloth $3.50 

Electro Chemistry Inorganic. 2d edition. Svo, cloth. 

$ 80 
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GRAY. JOHN, B.Sc. Electrical Influence Machines. 

A full account of their historical development and modem forms, with 
instructions for making them. 89 illustrations and '6 folding plates. 
12mo, cloth $1.75 

GRIFFITHS, A. B., PI1.D. A Treatise on Manures, 

or the Philosophy of Manuring. A Practical Hand-Book for the 
Agriculturist, Manufacturer, and Student. 12mo, cloth $3.00 

GRUNER, M. L. The Manufacture of Steel. Translated 

from the French, by Lenox Smith ; with an appendix on the Bessemer 
process in the United States, by the translator. Illustrated. 8vo, 
cloth $3.50 

GTJRDEN, RICHARD LLOYD. Traverse Tables: 

computed to 4 places Decimals for every ® of angle up to 100 of Dis- 
tance. For the use of Surveyors and Engineers. New edition. Folio, 
half mo $7.50 

GUY, ARTHUR F. Electric Light and Power, giving 

the Result of Practical Experience in Central-Station Work. 8vo, 
cloth. Illustrated $2 50 

HAEDER, HERMAN, C. E. A Handbook on the 

Steam Engine. With especial reference to small and medium sized 
engines. English edition, re-edited by the author from the second 
German edition, and translated with considerable additions and alter- 
ations by H. H. P. Powles. 12mo, cloth. Nearly 1100 illus. . .$3.00 

HALSEY, F. A. Slide Valve Gears, an Explanation 

of the action and Construction of Plain and Cut-off Slide Valves. 
Illustrated. 12mo, cloth. Third edition $1.50 

HAMILTON, W. G. Useful Lrformation for Railway 

Men. Tenth edition, revised and enlarged. 562 pages, pocket form. 
Morocco, gilt $2.00 

HANCOCK, HERBERT. Text-Book of Mechanics and 

Hydrostatics, with over 500 diagrams. 8vo, cloth $1 75 

HARRISON, W. B. The Mechanics' Tool Book. 

With Practical Bules and Suggestions for use of Machinists, Iron- 
Workers, and others. Illustrated with 44 engravings. 12mo> 
cloth, S1.50 

HASKENS, C. H. The Galvanometer and its Uses. 

A Manual for Electricians and Students. Fourth edition. 12mo, 
cloth $1.50 

HEAP, Major D. P., U. S. A. Electrical Appliances of 

the Present Day. Report of the Paris Electrical Exposition of 1881. 
250 illustrations. 8vo, cloth $2.00 

HE AVSIDE, OLIVER. Electromagnetic Theory. Vol 

1. 8vo, cloth $5 00 
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HENBICI^ OLAUS. Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Blnstrated $1.50 

HERRMANN, Gustav. The Qraphical Statics of 

MechaniBm. A Guide for the Use of Machinists, Architects, and 
Engineers ; and also a Text-book for Technical Schools. Translated 
and annotated by A. P. Smith, M. E. 12mo, cloth, 7 folding 
plates. Second edition $2.00 

HEWSON, WM. Principles and Practice of embanking: 

Lands from River Floods, as applied to the Levees of the Mississippi. 
8vo, cloth $2.00 

HOBBS, W. R. P. The Arithmetic of Electrical Meas- 

nrements, with numerous examples. Fully Worked. 12mo, doth, .50 

HOFFMAN, H. D. The Metallui^ry of Lead and the 

Desilverization of Base Bullion. 275 Illustrations. 8vo, cloth. 
$6.00 

HOLLEir, ALEXANDER L. Railway Practice. Ameri- 
can and European Bailway practice in the Economical Generation of 
Steam, inclu(Ung the Materials and Construction of Ooal-buming 
Boilers, Combustion, the Variable Blast, Vaporization, Circulation, 
Superheating, Supplying and Heating Feed Water, etc., and the 
Adaptation of Wood and Coke-burning Engines to Coal-burning ; and 
in Permanent Way, including Road-bed, Sleepers, Bails, Joint Fasten- 
ings, Street Bailways, etc. With 77 lithographed plates. Folio, 
cloth $12.00 

HOLMES, A. BROMLEY. The Electric Light Popu- 
larly Explained. Fifth edition. Illustrated. 12mo, paper 40 

HOSPITALIER, E. Polyphased Alternating Currents. 

Illustrated. 8vo, cloth $1.40 

HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Prismoidal FormulsB. Containing Simple and Labor-saving 
Method of obtaining Prismoidal Contents directly from End Areas. 
Illustrated by Examples and accompanied by Plain Bules for Practi- 
cal Uses. lUustrated. 8vo, cloth $1.50 

HOWE, HENRY M. The MetaUurgy of Steel. VoL 

I. Third edition, revised and enlarged. 4to, cloth $10.00 



HUMBER, WILLLA.M, C. E. A Handy Book for the 

Calculation of Strains in Girders, and Similar Structures, and their 
Strength ; Consisting of Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. Fourth edition. 
12mo, cloth $2.50 

HUTTON, W. S. Steam Boiler Construction. A Prac- 
tical Hand Book for Engineers, Boiler Makers and Steam Users. 
With upwards of 300 illustrations. Second edition. 8vo, cloth, $7.00 
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HUTTON, W. S. Practical Engineer's Hand-Book, 

comprising a treatise on Modem Engines and Boilers, Marine, Locomo- 
tive and Stationary. Fourth edition. Carefully revised, with addi- 
tions. With upwards of 570 illustrations. 8vo, cloth, $7 00 

The Works' Manager's Hand-Book of Modern 

Rules, Tables, and Data for Civil and Mechanical Engineers, Mill- 
wrights and Boiler-makers, etc., etc. With upwards of 150 illnstra- 
trations. Fifth edition. Carefully revised, with additions. 8vo, 
cloth, $6 00 

ISHERWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the most practical and useful manner for 
Engineers. With illustrations. 2vols.ini. 8vo, cloth $2.50 

JAMIESON, ANDREW. C.E. A Text-Book on Steam 

and Steam-Engines. Specially arranged for the use of Science and 
Art, City and Guilds of London Institute, and other Engineering 
Students. Tenth edition. Illustrated. 12mo, cloth $3.00 

Elementary Manual on Steam and the Steam- 

Engine. Specially arranged for the use of First- Year Science and Art, 
City and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third edition. 12mo, cloth $1.40 

JANNETTAZ, EDWARD. A Guide to the Determina- 
tion of Bocks : being an Introduction to Lithology. Translated from 
the French by G. W. Plympton, Professor of Physical Science at 
Brooklyn Polytechnic Institute. i2mo, cloth $1.50 

J07NS0N, F. H. The Metals used in Construction. 

Iron, Steel, Bessemer Metal, etc. ' Illustrated. 12mo, cloth 75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

KANSAS CITY BIDGE, THE With an Account of 

the Begimen of the Missouri Biver and a Description of the Methods 
used for Founding in that Biver. By O. Chanute, Chief Engineer, and 
George Morrison, Assistant Engineer. Illustrated with 5 lithographic 
views and 12 plates of plans, dto, cloth $6.00 

KAPP, GISBERT, C.E. Electric Transmission of Ener- 
gy and its Transformation, Subdivision, and Distribution. A Practical 
hand-book. Fourth edition. Be vised. 12mo, cloth.. $3.50 

Dynamos, Alternators and Transformers. 138 Illus- 
trations. 12mo, cloth $4.00 

KEMPE, H. R. The Electrical Engineer's Pocket 

Book of Modem Rules, FormulsB, Tables and Data. Illustrated. 
32mo. Mor. gilt $1.75 

EENNELLT, A. E. Theoretical Elements of Electro- 
Dynamic Machinery. 8vo, cloth $1.50 
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KILGOUR, M. H., SWAN, H., and BIQGS, C. H. W. 

Electrical Distribution, its Theory and Practice. 174 Illustrations. 
12mo, cloth $4.00 

KING, W. H. Lessons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc., for Young Marine Engineers, 
Students, and others. Kevised by Chief Engineer J. W. King, United 
States Navy. Nineteenth edition, enlarged. 8vo, cloth $2.00 

KIRKALDY, Wm. G. Illustrations of David Kirk- 

aldy's System of Mechanical Testing, as Originated and Carried On 
by nim during a Quarter of a Century. Comprising a Large Selection 
of Tabulated Besults, showing the Strength and other Properties of 
Materials used in Construction, with Explanatory Text and Historical 
Sketch. Numerous engravings and 25 lithographed plates. 4to, 
cloth $20.00 

KIRKWOOD, JAS. P. Report on the Filtration of 

Kiver Waters for the supply of Cities, as practised in Europe, made 
to the Board of Water Commissioners of the city of St. Louis. Illus- 
trated by 30 double-plate engravings. 4to, cloth $15.00 

KUNZ, GEO. F. Gems and Precious Stones of North 

America. A Popular Description of Their Occurence, Value, History, 
ArohflBology, and of the Collections in which They Exist ; also a Chap- 
ter on Pearls and on Bemarkable Foreign G^ms owned in the United 
States. Illustrated with eight Colored Plates and numerous minor 
Engravings. Second edition, with appendix. 4to, cloth $10.00 

LARBABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect Secret 
Code ever invented or discovered. Impossible to read without the 
key. 18mo, cloth 60 

LAZELLE, H. M. One Law in Nature. A New 

Corpuscular Theory comprehending Unity of Force, Identity of 
Matter, and its Multiple Atom Constitution, etc. 12mo, cloth, . .$1.50 

LEITZE, EBNST. Modem Heliographic Processes. 

A Manual of Instruction in the Art of Keproducing Drawings, En- 
gravings, etc., by the action of Light, With 32 woodcuts and ten 
specimens of Heliograms. 8vo, cloth. Second edition $3.00 

LOCKE, ALFRED G. and CHARLES Q. A Practical 

Treatise on the Manufacture of Sulphuric Acid. With 77 Construc- 
tive Plates drawn to Scale Measurements, and other Illustrations. 
Royal 8vo, cloth $15.00 

LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth. Third edition $2.50 
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LOCKWOOD, THOS. D. Electrical Measurement and 

the Galvometer ; its Gonstruotion and Uses. Second edition. 32 il- 
lustrations. 12mo, cloth $1.50 

LODGE, OLIVER J. Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised edition. 12mo, cloth, $1.20 

LORINQ, A. E. A Hand-Book of the Electro-Magnetic 

Telegraph. Paper boards 50 

Cloth 75 

Morocco $1.00 

LOVELL, D. H. Practical Switch Work. A Hand- 

Book for Track Foremen. Illustrated. 12mo, cloth $1.50 

LUNGE, GEO. A Theoretical and Practical Treatise 

on the Manufacture of Sulphuric Acid and Alkali with the Collateral 
Branches. Vol. I. Sulphuric Acid. Second edition, revised and 

enlarged. 342 illustrations. 8vo, cloth $15.00 

Vol. n. 8vo, cloth $16.80 

Vol. III. 8vo, cloth 9.60 

— and HUNTER, F." The "Alkali Maker's^Pocket 

Book. Tables and Analytical Methods for Manufacturers of Sul- 
phuric Acid, Nitric Acid, Soda, Potash and Ammonia. Second 
edition. 12mo, cloth $3.00 

MACCORD, Prof. C. W. A Practical Treatise on the 

Slide- Valve by Eccentrics, examining by methods the action of the 
Eccentric upon the Slide- Valve, and explaining the practical processes 
of laying out the movements, adapting the Valve for its various 
duties in the Steam-Engine. Second edition. Illustrated. 4to, 
cloth $2.50 

MATER, PROF. A. M. Lecture Notes on Physics. 

8vo, cloth $2.00 

McCULLOCH, Prof. R. S. Elementary Treatise on 

the Mechanical Theory of Heat, and its application to Air and Steam 
Engines. 8vo, cloth $3.50 

MERRILL, Col. WM. E., XT.S.A. L:on Truss Bridges 

for Railroads. The method of calculating strains in Trusses, with a 
careful comparison of the most prominent Trusses, in reference to 
economy in combination, etc. Illustrated. 4to, cloth. 4th ed., $5.00 

METAL TURNTNG. By a Foreman Pattern Maker. 

Illustrated with 81 engravings. 12mo, cloth $1.50 

MINIFIE, WM. Mechanical Drawing. A Textbook of 

Geometrical Drawing for the use of Mechanics and Schools, in which 
the Definitions and Rules of Geometry are familiarly explained ; the 
Practical Problems are arranged from the most simple to the more 
complex, and in their description technicalities are avoided as much as 
possible. With illustrations for Drawing Plans, Sections, and Eleva- 
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tions of Bail ways and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illustrated with 
over 200 diagrams engraved on steel. Ninth thousand. With an 
appendix on the Theory and Application of Colors. 8vo, cloth. .$4.00 

MINI FIE, WM. Geometrical Drawing. Abridged from 

the octavo edition, for the use of schools. Illustrated with 48 steel 
plates. Ninth edition. 12mo, cloth $2.00 

MODERN METEOROLOGT. A Series of Six Lectures, 

delivered under the auspices of the Meteorological Society in 1870. 
Illustrated. 12mo, cloth $1.58 

MOONEY, WM. The American Gas Engineers' and 

Superintendents' Hand Book, consisting of Kules, Beference Tables 
and original matter pertaining to the Manufacture, Manipulation and 
Distribution of Illuminating Gas. Illustrated. 12mo, morocco. $3. 00 

MORRIS, E. Easy Rules for the Measurement of Earth- 
works by means of the Prismoidal Formula. 8vo, cloth, illus'td. .$1.50 

MOSES, ALFRED J., and PARSONS, C. L. Elements 

of Mineralogy, Crystallography and Blowpipe Analysis from a prac- 
tical standpoint. 8vo, cloth, 336 illustrations $2.00 

MOTT, H. A., Jun. A Practical Treatise on Chemistry 

(Qualitative and Quantitative Analysis), Stoiohiometry, Blow-pipe 
Analysis, Mineralogy, Assaying, Pharmaceutical Preparations, Human 
Secretions, Specific Gravities, Weights and Measures, etc. Second 
revised edition, 650 pages. 8vo, cloth $4.0o 

MXJLLIN, JOSEPH P., M.E. Modem Moulding and 

Pattern-Making. A Practical Treatise upon Pattern-Shop and Foun- 
dry Work : embracing the Moulding of Pulleys, Spur Gears, Worm 
Gears^ Balance- Wheels, Stationary Engine and Locomotive Cylinders, 
Globe Valves, Tool Work, Mining Machinery, Screw Propellers, Pat- 
tem-Shop Machinery, and the latest improvements in English and 
American Cupolas; together with a large collection of original and 
carefully selected Rules and Tables for every-day use in the Drawing 
Office, Pattem-Shop and Foundry. 12mo, cloth, illustrated. . . .$2.50 

MUNRO, JOHN, C.Ey and JAMIESON, ANDREW, 

C.E. A Pocketbook of Electrical Bules and Tables for the use of 
Electricians and Engineers. Tenth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather $2.50 

MXTRPHY, J. G., M.E. Practical Mining. A Field 

Manual for Mining Engineers. With Hints for Investors in Mining 
Properties. 16mo, morocco tncks $1.50 

NAQXJET, A. Legal Chemistry. A Guide to the Detec- 
tion of Poisons, Falsification of Writings, Adulteration of Alimentary 
and Pharmaceutical Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemical Jurisprudence, 
for the use of Chemists, Physicians, Lawyers, Pharmacists and Experts. 
Translated, with additions, including a list of books and memoirs on 
Toxicology, etc., from the French, by J. P. Battershall, Ph.D., with a 
preface by C. F. Chandler, Ph.D., M.D., LL.D. 12mo, cloth. .$2.00 
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NEWALL. JOHN W. Plain Practical Directions for 

Drawing, Sizing and Cutting Bevel-Gears, showing how the Teeth 
may be out in a Plain Milling Machine or Gear Cutter so as to give 
them a correct shape from end to end ; and showing how to get out 
all particulars for the Workshop without making any Drawings. 
Including a Full Set of Tables of Reference. Folding Plates. 8vo, 
cloth $3.00 

NEWLANDS, JAMES. The Carpenters' and Joiners' 

Assistant : being a Comprehensive Treatise on the Selection, Prepara- 
tion and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery, and Hand- 
Railing ; also, a Complete Treatise on Sines ; and an illustrated Glos- 
sary of Terms used in Architecture and Building. Illustrated. Folio, 
half mor $15.00 

NIPHER, FRANCIS E., A.M. Theory of Magnetic 

Measurements, with an appendix on the Method ofLeast Squares. 
12mo, cloth $1.00 

NOAD, HENRY M. The Students' Text Book of 

Electricity. A new edition, carefully revised. With an Introduction 
and additional chapters by W. H. Preece. With 471 illustrations. 
12mo, cloth $4.00 

NUGENT, E. Treatise on Optics; or, Light and Sight 

theoretically and practically treated, with the application to Fine Art 
and Industrial Pursuits. With 103 illustrations. 12mo, cloth. . .$1.50 

PAGE, DAVID. The Earth's Crust, A Handy Out- 
line of Geology. 16mo, cloth 75 

PATiAZ, A., ScD. A Treatise on Industrial Photome- 
try, with special application to Electric Lighting. Authorized trans- 
lation from the French by George W. Patterson, Jr. 8vo, clotii. Il- 
lustrated $4.00 

PABSHALiL, H. F., and HOB ART, H. M. Armature 

Windings of Electric Machines. With 140 full page plates, 65 ta- 
bles, and 165 pages of descriptive letter-press. 4to, cloth $7 50 

PEIRCE, B. System of Analytic Mechanics. 4to, 

cloth $10.00 

Linear Associative Algebra. New edition with addenda 

and notes by C. L. Pierce. 4to, cloth $5.00 

PETERS. Dr. EDWARD M. Modem American Me- 
thods of Copper Smelting. Numerous illustrations. Sixth edition, 
revised and enlarged. 8vo, cloth $4.00 

PHILLIPS, JOSHUA. Engineering Chemistry. A 

Practical Treatise for the use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, students and others. Comprising methods 
of Analysis and Valuation of the principal materials used in Engin- 
eering works, with numerous Analysis, Examples and Suggestions. 
314 Ulus. Second edition, revised and enlarged. 8vo, cloth. . .$4.00 
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PLANE TABLE, The. Its TTses in Topographical 

Surveying, From the Papers of the United States Coast Survey. 

Illustrated. 8vo, cloth $2.00 - 

**This work gives a description of the Plane Table employed at the 
United States Coast Survey office, and the manner of using it." 

PL ANTE, GASTON. The Storage of Electrical Energy, 

and Besearches in the Effects created by Currents, combining Quan- 
tity with High Tension. Translated firom the French by Paul B. 
ElwelL 89 illustrations. 8vo $4.00 

PL ATTNER. Manual of Qualitative and Quantitative 

Analysis with the Blow-Pipe. From the last German edition, revised 
and enlarged, by Prof. Th. Eichter, of the Boyal Saxon Mining 
Academy. Translated by Prof. H. B. Cornwall, assisted by John H. 
Caswell. Illustrated with 87 woodcuts and one lithographic plate. 
Seventh edition, revised. 660 pages. 8vo, cloth $5.00 

PLYMPTON, Prof GEO. W. The Blow-Pipe, A 

Guide to its use in the Determination of Salts and Minerals. Com- 
piled from various sources. 12mo, cloth $1.50 

The Aneroid Barometer : its Construction and TTse. 

Compiled from several sources. Fourth edition. 16mo, boards, il- 
lustrated 50 

Morocco, $1.00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and Tan- 
gents to Single Minutes. To which is added a Table of Natural 
Sines, Tangents, and Co-Tangents. 16mo, boards 50 

POOLE, JOSEPH. The Practical Telephone Hand- 

Book and Guide to the Telephonic Exchange. 227 illustrations. 
12mo, cloth $1.00 

POPE, F. L. Modem Practice of the Electric Tele- 
graph. A Technical Hand-Book for Electricians, Managers and 
Operators. Fourteenth edition, rewritten and enlarged, and fully 
illustrated. 8vo, cloth $1.50 

PRAY, Jr., THOMAS. Twenty Years with the In- 
dicator ; being a Practical Text-Book for the Engineer or the Student, 
with no complex FormuJsB. Illustrated. 8vo, cloth $2.50 

Steam Tables and Engine Constants. Compiled 

from Begnault, Bankine and Dixon directly, making use of the exact 
records. 8vo, cloth $2 00 

PRACTICAL IRON FOUNDING. By the author of 

"Pattern Making," &c., &c. Illustrated with over one hundred 
engravings. 12mo, Cloth $1.50 

PREECE, W. H., and STUBBS, A. T. Manual of Tele- 
phony. Illustrations and plates. 12mo, cloth $4.50 
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PRBSCOTT, Prof. A. B. Organic Analysis. A Manual 

of the Descriptive and Analytical Chemistry of certain Carbon Com- 
pounds in Common Use ; a Guide in the Qualitative and Quantitative 
Analysis of Organic Materials in Commercial and Pharmaceutical 
Assays, in the estimation of Impurities under Authorized Standards, 
and in Forensic Examinations for Poisons, with Directions for Ele- 
mentary Organic Analysis. Third edition. 8vo, cloth $5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Determination of the 
more commonly occurring Organic Compounds. 4th ed. 12mo, cl. $1.75 

First Book in Qualitative Chemistry. Eighth 

edition. 12mo, cloth $1.50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chemistry and in the 
work of Analysis. Fourth fully revised edition. With Descriptive 
Chemistry extended throughout $3.50 

PRITCHARD, O. Q. The Manufacture of Electric 

Light Carbons. Illustrated. 8vo, paper 60 

PUIiSIFER, W. H. Notes for a History of Lead. 8vo, 

cloth, gilt tops $4.00 

PYNCHON, Prof. T. R. Introduction to Chemical 

Physics, designed for the use of Academies, Colleges, and High 
Schools. Illustrated with numerous engravings, and containing copious 
experiments with directions for preparing them. New edition, revised 
and enlarged, and illustrated by 269 illustrations on wood. Crown 
8vo, cloth $3.00 

RAFTER, GEO. W. and M. N. BAKER. Sewage 

Disposal in the United States. Illustrations and folding plates. Sec- 
ond edition. 8vo., Cloth $6.00 

RAM, GILBERT S. The Incandescent Lamp and its 

Manufacture. 8vo., cloth $6.00 

RANDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp. Illustrated. 16mo, cloth 50 

P. M. Quartz Operator's Hand-book. New edition, 

revised and enlarged, fully illustrated. 12mo, cloth $2.00 

RANKINE, W. J, MACQUORN, C.E., LL.D., R R. S. 

Applied Mechanics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and Machines. With 
numerous diagrams. Fourteenth edition. Thoroughly revised by 
W. J. Millar. Crown 8vo, cloth ' $5.00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, Metal- Work, 
Roads, Railways, Canals, Rivers, Water- Works, Harbors, etc. With 
numerous tables and illustrations. Eighteenth edition. Thoroughly 
revised by W. J. Millar. Crown, 8vo, cloth ^.50 
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RANKINB, W. J. MACQUORN, C.B., LL.D., F. R. S. 

Machinery and Millwork. Comprising the Geometry, Motions, Work, 
Strength, Construction, and Objects of Machines, etc. Illustrated 
■with nearly 300 woodcuts. Sixth edition. Thoroughly revised by 
W. J. Millar. Crown 8vo, cloth $5.00 

The Steam-Engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam, folding plates, 
numerous tables and illustrations. Thirteenth edition. Thoroughly 
revised by W. J. Millar. Crown, Svo, cloth $5.0lO 

TTsefol Rules and Tables for Engineers and Others. 

With appendix, tables, tests, and formulae for the use of Electrical 
Engineers. Comprising Submarine Electrical Engineering, Electric 
Lighting, and Transmission of Power. By Andrew Jamieson, C.E., 
r.R.S.E. Seventh edition. Thoroughly revised by W. J. Millar. 
Crown Svo, cloth ^.00 

A Mechanical Text Book. By Prof. Macquom Rankine 

and E. F.B amber, C. E. With numerous illustrations. Fourth 
edition. Crown, Svo, cloth $3.50 

RECEENZAUN, A. Electric Traction on Railways 

and Tramways. 213 Illustrations, 12mo, cloth $4.00 

REED'S ENGINEERS' HAND-BOOK, to the Local 

Marine Board Examinations for Certificates of Competency as First 
and Second Class Engineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 297 diagrams and 36 large 
plates. 15th edition, revised and enlarged. Svo, cloth $4.50 

Key to the Fifteenth Edition of Reed's Engineers' 

Hand-book to the Board of Trade Examinations for First and Second 
Class Engineers and containing the working of all the questions given 
in the examination papers. By W. H. Thorn. 8vo., cloth 3.00 

KECE, Prof. J. M., and JOHNSON, Prof. W. W, On a 

New Method of obtaining the Differential of Functions, with especial 
reference to the Newtonian Conception of Bates or Velocities. i2mo, 
paper 50 

RIPPER, WILLIAM. A Course of Instruction in 

Machine Drawing and Design for Technical Schools and Engineer 
Students. With 52 plates and numerous explanatory engravings. 
Folio, cloth $7.50 

ROEBLING. J. A. Long and Short Span Railway 

Bridges. Blustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth $25.00 

ROGERS, Prof. H. D. The Geology of Pennsylvania. 

A Government Survey, with a General View of the Geology of the 
United States, essays on the Goal Formation and its Fossils, and a 
description of the Goal Fields of North America and Great Britain. 
Illustrated with plates and engravings in the text. 3 vols, 4to, cloth, 
with portfolio of maps $15.00 
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ROSE, JOSHUA, M.E. The Pattern-Makers' Assistant. 

EmbraciDg Lathe Work, Branch Work, Core Work, Sweep Work, and 
Practical Gear Constructions, the Preparation and Use of Tools, 
together with a large collection of useful and valuable Tables. Sev- 
enth edition. Illustrated with 250 engravings. 8vo, cloth $2.50 

Key to Engines and Engine-Running. A Practi- 
cal Treatise upon the Management of Steam Engines and Boilers for 
the Use of Those who Desire to Pass an Examination to Take Charge 
of an Engine or Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, Diagrams, Engine 
Adjustments, and other Valuable Information necessary for Engineers 
and Firemen. 12mo, cloth $3.00 

SABINE, ROBERT. History and Progress of the 

Electric Telegraph. With descriptions of some of the apparatus. 
Second edition, with additions. 12mo, cloth $1.25 

SAELTZEB, ALEX. Treatise on Acoustics in connec- 
tion with Ventilation. 12mo, cloth $1.00 

SALOMONS, Sir DAVID, M. A. Electric-Light Instal- 
lations. A Practical Handbook. Seventh edition, revised and en- 
larged with numerous illustrations. Vol. I. , The management of Ac- 
cumulators. 12mo, cloth $1.50 

Vol. IL, Apparatus, 296 illustrations. 12mo., cloth $2.25 

Vol. m., Applications, 12mo., cloth $1.50 

SATJNNIER, CLAUDIUS. Watchmaker's Handbook. 

A Workshop Companion for those engaged in Watchmaking and 
allied Mechanical Arts. Translated by J. Tripplin and E. Bigg. 
Second edition, revised and appendix. 12mo, clotii $3.50 

SCHELLEN. Dr. H. Magneto-Electric and Dynamo- 
Electric Machines : their Construction and Practical Application to 
Electric Lighting, and the Transmission of Power. Translated from 
the third German edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to American Machines, by 
N. S. Keith. Vol. 1., with 353 illustrations. ■ Second edition, $5.00 

SCHUMANN, F. A Manual of Heating and Ventilation 

in its Jn^ctical Application, for the use of Engineers and Architects. 

Embraffifjo^i^ geries of Tables and Formulse for dimensions of heating, 

flow and return pipes for steam and hot- water boilers, flues, etc. l2mo, 

. illustrated, full roan $1.50 

Formulas and Tables for Architects and Engineers 

in calculating the strains and capacity of structures in Iron and Wood. 
12mo, morocco, tucks $1.50 

SCIENCE SERIES, The Van Nostrand. [See List, p. 27] 
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SCRIBNER, J. M. Engineers' and Mechanics' Com- 
panion. Comprising United {States Weights and Measures. Mensura- 
tion of Superfices and Solids, Tables of Squares and Cubes, Square 
and Cube Roots, Circumference and Areas of Circles, the Mechanical 
Powers, Centres of Gravity, Gravitation of Bodies, Pendulums, Spe- 
cific Gravity of Bodies, Strength, Weight, and Crush of Materials, 
Water- Wheels, Hydrostatics, Hydraulics, Statics, Centres of Percus- 
sion and Gyration, Friction Heat, Tables of the Weight of Metals, 
Scantling, etc., Steam and the Steam-Engine. Twentieth edition, 
revised. 16mo, full morocco $1.50 

SEATON, A. E. A Manual of Marine Engineering. 

Comprising the Designing, Construction and Working of Marine 
Machinery. With numerous tables and illustrations reduced from 
Working Drawings. Twelfth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo, cloth $6.00 

and ROUNTHWAITE, H. M. A Focketbook of Ma- 



rine Engineering Ruks and Tables. For the use of M urine Engineers 
and Naval Architects, Designers, Draughtsmen, Superintendents, and 
all engaged in the design and construction of Marine Machinery, Naval 
and Mercantile. Pocket size. Leather, with diagrams $3.00 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descriptions 
of the Material employed in Tunnelling, Bridging, Canal and Road 
Building, etc. 12mo, cloth $1.50 

SHBEVE, S. H. A Treatise on the Strength of Bridges 

and Roofs. Comprising the determination of Algebraic formulas for 
strains in Horizontal, Inclined or Rafter, Triangular, Bowstring, 
Lenticular, and other Trusses, from fixed and moving loads, with 
practical applications, and examples, for the use of Students and 
Engineers. 87 woodcut illustrations. Fourth edition. 8vo, 
doth, $3.50 

SHUNK, W. F. The Field Engineer. A Handy Book 

of practice in the Survey, Location, and Truck- work of Railroads, con- 
taining a large collection of Rules and Tables, original and selected, 
applicable to both the Standard and Narrow Gauge, and prepared 
with special reference to the wants of the young Engineer. Tenth 
edition. Revised and Enlarged. 12mo, morocco, tucks $2.50 

SIMMS, F. W. A Treatise on the Frincipled4R.d Pracr 

tice of Levelling. Showing its application to purposes of Railway 
Engineering, and the Construction of Roads, etc. Revised and cor- 
rected, with the addition of Mr. Laws' Practical Examples for setting 
out Railway Curves. Illustrated. Svo, cloth, $2.50 

Practical Tunnelling. Explaining in detail Set- 
ting-out of the Work, Shaft-sinking, Sub-excavating, Timbering, etc. , 
with cost of work. 8vo, cloth 
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SLATER, J. W. Sewage Treatment, Purification, and 

Utilization. A Practical Manual for the Use of Corporations, Local 
Boards, Medical Officers of Health, Inspectors of Nuisances, Chem- 
ists, Manufacturers, Biparian Owners, Engineers, and Bate-pavers. 
12mo, cloth $2.25 

SMITH, ISAAC W., C.B. The Theory of Deflections 

and of Latitudes and Departures. With special applications to 
Curvilinear Surveys, for Alignments of Bail way Tracks. Illustrated. 
16mo, morocco, tucks ^ $3.00 

QUSTAVUS W. Notes on Life Insurance. The- 
oretical and Practical. Third edition. Bevised and Enlarged. 8vo, 
cloth 

SNELLi, ALBION T. Electric Motive Power: The 

Transmission and Distribution of Electric Power by Continuous and 
Alternate Currents. With a Section on the Applications of Electricity 
to Mining Work. 8vo., cloth, illustrated $4.00 

STAHL, A. W., and WOODS, A. T. Elementary 

Mechanism. A Text-Book for Students of Mechanical Engineering. 
Fourth edition. Enlarged. l'2mo, cloth $2.00 

STALEY, CADY, and PIERSON, GEO. S, The Separ- 
ate System of Sewerage : its Theory and Construction. 8vo, 
cloth. With maps, plates and illustrations. Second edition $3.00 

STEVENSON, DAVID, F.B.S.N. The Principles and 

Practice of Canal and River Engineering. Bevised by his sons David 
Alan Stevenson, B. Sc, r.R.S.E., and Charles Alexander Stevenson, 
B. Sc, F.RS.E., Civil Engineer. Third edition, with 17 plates. 
8vo, cloth 810.00 

The Design and Construction of Harbors. A Treat- 
ise on Maritime Engineering. Third edition, with 24 plates. 8vo, 
cloth $9. 00 

STEWART, R. W. A Text Book of Light. Adapted 

to the Requirements of the Intermediate Science and Preliminary 
Scientific Examinations of the University of London, and also for 
General Use. Numerous Diagrams and Examples. 12mo, cloth, $1.00 

A Text Book of Heat. Illustrated. 8vo, cloth... .$1.00 

A Text-Book of Magnetism and Electricity. 160 

Illustrations and Numerous Examples. 12mo, cloth $1.00 

STILES, AMOS. Tables for Field Engineers. Designed 

for use in the field. Tables containing all the functions of a one 
degree curve, from which a corresponding one can be found for any 
required degree. Also, Tables of Natural Sines and Tangents. 12mo, 
morocco, tucks $2.00 
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STILLMAN, PAUL. Steam-Engine Indicator and the 

Improved Manometer Steam and Yacnum Gauges ; their Utility and 
Application. New edition. 12mo, flexible cloth $1.00 

STONE, General ROT. New Roads and Road Laws in 

the United States. 200 pages, with numerous illustrations. 12mo, 
cloth $1.00 

STONEY, B. D. The Theory of Stresses in Girders 

and Similar Structures. With observations on the application of 
Theory to Practice, and Tables of Strength, and other properties of 
Materials. New revised edition, with numerous additions on Graphic 
Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, Working 
Loads, Riveting, Strengtii and Tests of Materials. 8vo, 777 pages, 
143 illustrations, and 5 folding plates $12.50 

STUART, B How^ to become a Successftil Engineer. 

Being Hints to Youths intending to adopt the Profession. Sixth edi- 
tion. 12mo, boards 50 

C. B., C. E. Lives and Works of Civil and Mil- 
itary Engineers of America. With 10 steel-plate engravings. 8vo, 
cloth $6.00 



SWEET, S. H. Special Report on Coal, showing its 

Distribution, Classification, and Costs delivered over different routes 
to various points in tiie State of New York and the principal cities on 
the Atlantic Coast. Witii maps. 8vo, cloth $3.00 

SWINTON, AliAN A. CAMPBELL. The Elementary 

Principle of Electric Lighting. Illustrated. 12mo, cloth 60 

TEMFLETON, WM. The Practical Mechanic's Work- 
shop Companion. Comprising a great variety of the most usefu 
rules and formulse in Mechanical Science, with numerous tables of 
practical data and calculated results facilitating mechanical operations. 
Revised and enlarged by W. S. Hutton. 12mo, morocco $2.00 

THOM, CHAS., and WILLIS H. JONES. Telegraphic 

Connections: embracing Becent Methods in Quadruplex Telegraphy. 
Oblong, 8vo, cloth. 20 full page plates, some colored $1.50 

THOMPSON, EDWARD P. How to Make Inven- 
tions ; or, Inventing as a Science and an Art. A Practical Guide for 
Inventors. Second edition. 8vo, boards $1.00 

Toothed Gearing. A Practical Hand-Book for Offices 

and Workshops. By a Foreman Patternmaker. 184 Illustrations. 
12mo, cloth $2.25 

TRE VERT, EDWARD. How to build Dynamo-Electric 

Machinery, embracing Theory Designing and the construction of Dy- 
namos and Motors. With appendices on Field Magnet and Armature 
Winding, Management of Dynamos and Motors, and Useful Tables of 
Wire Gauges. Illustrated. 8vo, cloth $2.50 



_l 



SCIENTIFIC PUBLICATIONS. 23 



TREVEBT, EDWARD. Electricity and its Recent 

Applications. A practical Treatise for Students and Amateurs, with 
an Illustrated Dictionary of Electrical Terms and Phrases. Illus- 
trated. 12mo, cloth 82.00 

TUCKER. Dr. J. H. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical Methods to the 
Sugar Industry. With an Introduction on the Chemistry of Cane 
Sugar, Dextrose, Levulose, and Milk Sugar. 8vo, cloth, illus- 
trated $3.50 

TTTMLiIRZ, DR. O. Potential and its Application to 

the Explanation of Electric Phenomena, Popularly Treated. Trans- 
lated from the German by D. Eobertson. lU. 12mo, cloth $1.25 

TUNNER, P. A. Treatise on Roll-Turning for the 

Manufacture of Iron. Translated and adapted by John B. Pearse, of 
the Pennsylvania Steel Works, with numerous engravings, woodcuts. 
8vo, cloth, with folio atlas of plates $10.00 

URQTTHART, J. W. Electric Light Fitting. Embody- 
ing Practical Notes on Installation Management. A Hand-book for 
Working Electrical Engineers — with numerous illustrations. 12mo, 
cloth 9^.00 

Electro-Plating. A Practical Hand Book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plat- 
ininum, etc. Second edition. 12mo $2.00 

Electro-Typing. A Practical ManuaL forming a 

New and Systematic Guide to the Beproduction and Multiplication of 
of Printing Surfaces, etc. 12mo $2.00 

Dynamo Construction: a Practical Hand-Book for 

the Use of Engineer Constructors and Electricians in Charge, embrac- 
ing Frame Work Building, Field Magnet and Armature Wmding and 
Grouping, Compounding, etc., with Examples of Leading English, 
American and Continental Dynamos and Motors, with numerous illus- 
trations. 12mo, cloth $3.00 

Electric Ship Lighting. A Hand-Book on the 

Practical Fitting and Bunning of Ship's Electrical Plant. For the Use 
of Ship Owners and Builders, Marine Electricians and Sea Going 
Engineers in Charge. Numerous illustrations. 12mo, cloth $3.00 

UNIVERSAL (The) TELEGRAPH CIPHER CODE. 

Arranged for General Correspondence. 12 mo, cloth $1.00 

VAN HEURCE, Dr. HENRI. The Microscope, Its 

Construction and Management, including Technique, Photo-Micro- 
graphy and the Past and Future of the Microscope. English edition 
re-edited and augmented by the Author from the fourth French 
edition, and translated by Wynne E. Baxter, F.R.M.S. 3 Plates and 
upwards of 250 Illustrations. Imperial 8vo, cloth $7.00 
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VAN NOSTRAND'S Engineering Magazine. Com- 
plete sets, 1869 to 1886 inclusive. 

Complete sets, in 35 vols., in oloth $60.00 

Complete sets, in 35 vols., in half morocco $100.00 

VAN WAGENBN, T. F. Manual of Hydraulic Mining. 

For the Use of the Practical Miner. 18mo, cloth $1.00 

WATjKEB, W. H. Screw Propulsion. Notes on Screw 

Propulsion, its Rise and History. 8vo, cloth 75 

SYDNEY F. Electrical Engineering in Our 

Homes and Workshops. A Practical Treatise on Auxiliary Electrical 
Apparatus. Third edition revised, with numerous illustrations. .$2.00 

WANKLYN. J. A. A Practical Treatise on the Exam- 
ination of M!ilk and its Deriyatives, Cream, Butter, and Cheese. 
12mo, cloth $1.00 

Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Ninth edition. 12mo, cloth $2.00 

WARD, J. H. Steam for the Million. A Popular Treat- 
ise on Steam, and its application to the Useful Arts, especially to 
Navigation. 8vo, cloth $1.00 

WARING, GEO. E., Jr. Sewerage and Land Drainage. 

Large Quarto Volume. Illustrated with wood-cuts in the text, and 
full-page and folding plates. Cloth. Third edition $6.00 

— — Modem Methods of Sewage Disposal for Towns, 

Public Institutions and Isolated Houses. 260 pages. Illustrated 
cloth $2.00 

How to Drain a House. Practical Information for 

Householders. New and enlarged edition. 12mo, cloth $1.25 

WATT, ALEXANDER. Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals, with Descriptions of Voltaic Batteries, Magneto^ and 
Dynamo-Electric Machines, Thermopiles, and of the Materials' and 
Processes used in every Department of the Art, and several chapters 
on Electro-Metallurgy. With numerous illustrations. Third edition, 
revised and corrected. Crown 8vo, 568 pages $3.50 

— Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth $1.00 

WEALE, JOHN. A Dictionary of Terms Used in 

Architecture, Building, Engmeering, Mining, Metallurgy, Archaelo^, 
the Fine Arts, etc. , with explanatory observat'ons connected with 
applied Science and Art. Fifth edition, revised and corrected. 12mo, 
cloth : $2.50 

Weale's Rudimentary Scientific Series, [see list, p. 30.1 
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WEBB, HERBERT LAWS. A Practical Guide to 

the Testing of Insulated Wires and Cables. Illustrated. 12mo, 
cloth $1.00 

The Telephone Hand Book. 128 illustrations. 146 

pages. 16mo., cloth $1.00 

WEEKES, R. W. The Design of Alternate Current 

Transformers. Illustrated. 12mo, cloth $1.00 

WEISBACH, JULIUS. A Manual of Theoretical 

Mechanics. Eighth American edition. Translated from the fourth 
augmented and improved German edition, with an Introduction to 
the Calculus by Eckley B. Coxe, A.M., Mining Engineer. 1,100 

pages, and 902 woodcut illustrations. Svo, cloth $10.00 

Sheep $11.00 

WEYMOUTH, F. MARTEN. Drum Armatures and 

Commutators. (Theory and Practice.) A complete Treatise on the 
Theory and Construction of Drum Winding, and of commutators for 
closed-coil armatures, together with a full resume of some of the prin- 
cipal points involved in their design, and an exposition of armature 
re-actions and sparking. 8vo, cloth $3.00 

WEYRAUCH, J. J. Strength and Calculations of 

Dimensions of Iron and Steel Construction, with reference to the 
Latest Experiments. 12mo, cloth, plates $1.00 

WHIPPLE, S., C.E. An Elementary and Practical 

Treatise on Bridge Building. 8vo, cloth $4.00 

WILKINSON, H. D. Submarine Cable-Laying, Re- 
pairing and Testing (In press) 

WILLIAMSON, R. S. On the Use of the Barometer on 

Surveys and Reconnoissances. Part I. Meteorology in its Connection 
with Hypsometry. Part 11. Barometric Hypsometry. With HIus^ 
trative tables and engravings. 4to, clotii $15.00 

WILLIAMSON, R. S. Practical Tables in Meteor- 
ology and Hypsometry, in connection with the use of the Barometer. 
4to, cloth $2.50 

WILSON, GEO. Inorganic Chemistry, with New No- 
tation. Revised and enlarged by H. G. Madan. New edition. 12 mo, 
cloth $2.00 

WOODBURY, D. V. Treatise on the Various Elements 

of stability in the Weil-Proportioned Arch. 8vo, half morocco.. $4. 00 

WRIGHT, T. W. Prof, A Treatise on the Acyustment of 

Observations. With applications to Geodetic Work, and other Meas- 
ures of Precision. 8vo, cloth $4.00 

A Text Book of Mechanics for Colleges and Techni- 
cal Schools. Second edition. 12mo, cloth $2.50 
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WTATT, JAMES. The Phosphates of America. 

Where and How They Occur ; How They are Mined ; and What They 
Cost. With Practical Treatises on the Manufacture of Sulphuric 
Acid, Acid Phosphates, Phosphoric Acid and Concentrated Super- 

?hosphates and Selected Methods of Chemical Analysis. 20 Full 
'age Plates and numerous Illustrations. 8yo, cloth $4.00 

W7NE00F, mCHABD. Vessels and Voyages, as 

Begulated by Federal Statutes and Treasury Instructions and Decis- 
ions. 8vo, cloth $2.00 



4 



Catalogue of the Van Nostrand 

Science Series. ' 



rlEV are put up in a uniform^ neat^ and attractive form, i8mn^ 
boards. Price jo cents per volume. The subjects are of an 
eminently scientific character^ and embrace a wide range of topics^ and 
are amply illustrated when the subject demands. 

No. J. CHIMNEYS FOR FURNACES AND STEAM-BOILERS. 
By R. Armstrong, C.E. Third American edition, revised and partly 
rewritten, with an appendix on Theory of Chimney Draught, by F. E. 
Idell, M.E. 

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colburn. New 
edition, revised by Prof. R. H. Thurston. 

No. 3. PRACTICAL DESIGNING OF RETAINING- WALLS. 

By Arthur Jacob, A.B. Second edition, revised, with additions by Prof. 
W. Cain. 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. Second 
edition, with appendix. By Charles E. Bender, C.E. 

No. 5. VENTILATION OF BUILDINGS. Bv W. F. Butler. Second 
edition, re-edited and enlarged by James L. Greenleaf, C.E. 

No. 6. ON THE DESIGNING AND CONSTRUCTION OF 

STORAGE RESERVOIRS. By Arthur Jacob, A.B. Second edition, 
revised, with additions by E. Sherman Gould. 

No. 7. SURCHARGED AND DIFFERENT FORMS OF RE- 

TAINING-WALLS. By James S. Tate, C.E. 

No. 8. A TREATISE ON THE COMPOUND ENGINE. By John 

Turnbull, jun. Second edition, revised by Prof. S. W. Robinson. 

No. 9. A TREATISE ON FUEL. By Arthur V. Abbott, C. E. 
Founded on the original treatise of C. William Siemens, D.C.L. 

No. 10. COMPOUND ENGINES. Translated from the French of A. 
Mallet. Second edition, revised, with Results of American Practice, by 
Richard H. Bnel, C.E. 

No. II. THEORY OF ARCHES. By Prof. W. Allan. 

No. 12. A THEORY OF VOUSSOIR ARCHES. By Prof. W. E. 
Cain. Second edition, revised and enlarged. Illustrated. 

No. 13. GASES MET WITH IN COAL-MINES. By J. J. Atkinson. 
Third edition, levised and enlarged by Edward H Williams, jun. 
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No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson. 
No. 15. SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illustrated. 

No. 16. A GRAPHIC METHOD FOR SOLVING CERTAIN 

ALGEBRAIC EQUATIONS. By Prof. George L. Vose. 

No. 17. WATER AND WATER-SUPPLY. By Prof. W. H. Corfield 

of the University College, London. 

No. 18. SEWERAGE AND SEWAGE UTILIZATION. By Prof. 

W. H. Corfield, M.A., of the University College, London. 

No. 19. STRENGTH OF BEAMS UNDER TRANSVERSE 
LOADS. By Prof. W. Allan, author of "Theory of Arches." 

No. 20. BRIDGE AND TUNNEL CENTRES. By John B. Mo- 
Master, C.E. 

No. 21. SAFETY VALVES. By Richard H. Buel, C.E. Second edition. 

No. 22. HIGH MASONRY DAMS. By John B. McMaster, C.E. 

No. 23. THE FATIGUE OF METALS UNDER REPEATED 

STRAINS. With Various Tables of Results and Experiments. From 
the German of Prof. Ludwig Spangenburgh, with a Preface by S. H. 
Shreve, A.M. 

No. 24. A PRACTICAL TREATISE ON THE TEETH OF 

WHEELS. By Prof. S. W. Robinson. Second edition, revised. 

No. 25. ON THE THEORY AND CALCULATION OF CON- 

TINUOUS BRIDGES. By Mansfield Merriman, Ph.D. 

No. 26. PRACTICAL TREATISE ON THE PROPERTIES Or 

CONTINUOUS BRIDGES. By Charles Bender, C.E. 

No. 27. ON BOILER INCRUSTATION AND CORROSION 

By F. J. Rowan. New edition, revised and partly rewritten by F. E. 
Idell, M. E. 
No. 28. TRANSMISSION OF POWER BY WIRE ROPES 

By Albert W. Stahl, U.S.N. Second edition. 

No. 29. STEAM INJECTORS. Translated from the French o( 
M. Leon Pochet. 

No. 30. TERRESTRIAL MAGNETISM, AND THE MAGNET- 

ISM OF IRON VESSELS. By Prof. Fairman Rogers. 

JNro.31. THE SANITARY CONDITION' OF DWELLING- 

HOUSES IN TOWN AND COUNTRY. By George E. Waring, jua 

No. 32. CABLE-MAKING FOR SUSPENSION BRIDGES. By 

W. Hildenbrand, C.E. 

No. 33. MECHANICS OF VENTILATION. By George W. Rafter, 
C.E. New edition (1895), revised by author. 

No. 34. FOUNDATIONS. By Prof. Jules Gaudard, C.E. Translated 
from the French. 

No. 35. THE ANEROID BAROMETER : ITS CONSTRUCT 
TION AND USE. Compiled by George W. Plympton. Fourth edition 

No. 36. MATTER AND MOTION. By J. Clerk Maxwell, M.A. 
Second American edition. 



Ho. 37. GEOGRAPHICAL SURVEYING: ITS USES, METH- 
C5DS, and results. By Frank De Yeaux Carpenter, C.E. 

No. 38. MAXIMUM STRESSES IN FRAMED BRIDGES. By 
Prof. William Cain, A.M., C.K 

Na39. A HANDBOOK OP THE ELECTRO-MAGNETIC 

TELEGRAPH. By A. E. Loring. 

No. 40. TRANSMISSION OF POWER BY COMPRESSED AIR. 

By Robert Zahner, M.E. Second edition. 

Na4i. STRENGTH OP MATERIALS. By William Kent, C.K 

No. 42. VOUSSOIR ARCHES APPLIED TO STONE BRIDGES, 
TUNNELS, CULVERTS, AND DOMES. By Prof. William Cain. 

No. 43. WAVE AND VORTEX MOTION. By Dr. Thomas Craig of 
Johns Hopkins University. 

No. 44. TURBINE WHEELS. By Prof. W. P. Trowbridge, Columbia 
College. Second edition. 

Mo. 4}. THERMODYNAMICS. By Prof. H. T. Eddy, University d 
Cincinnati 

No. 46. ICE-MAKING MACHINES. New edition, revised and en- 
larged by Prof. J. E. Denton. From the French of M. Le Doux. 

No. 47. LINKAGES; THE DIFFERENT FORMS AND USES 

OF ARTICULATED LINKS. By J. D. C. de Roos. 

No. 48. THEORY OF SOLID AND BRACED ARCHES. By 

William Cain, C.E. 

No. 49. ON THE MOTION OF A SOLID IN A FLUID. By 

Thomas Craig, Ph.D. 

No. 50. DWELLING-HOUSES: THEIR SANITARY CCi;- 
STRUCTION AND ARRANGEMENTS. By Prof. W. H. Corfield. 

No. 51. THE TELESCOPE : ITS CONSTRUCTION, ETC. By 

Thomas Nolan. 

No. 52. IMAGINARY QUANTITIES. Translated from the French of 
M. Argand. By Prof. Hardy. 

No. 53. INDUCTION COILS : HOW MADE AND HOW USED. 

Fifth edition. 

No. 54. KINEMATICS OF MACHINERY. By Prof. Kennedy. With 
an introduction by Prof. R. H. Thurston. 

No. 55. SEWER OASES : THEIR NATURE AND ORIGIN. By 

A. de Varona. j 

No. «6. THE ACTUAL LATERAL PRESSURE OF EARTH« 
WORK. By Benjamin Baker, M. Inst C.E. 

No. 57. INCANDESCENT ELECTRIC LIGHTING. A Practical 
Description of the Edison System. By L. H. Latimer, to which is 
added the Design and Operation of Incandescent Stations, by C. J. 
Field, and the Maximum Efficiency of Incandescent Lamps, by John 
W. IJowell. 

No. 58. THE VENTILATION OF COAL-MINES. By W. Fairle>. 

M.E , F.S.S. 



No. 59* RAILROAD ECONOMICS; OR, NOTES, WITH COM. 
MENTS. By S. W. Robinson, C.E. 

No. 60. STRENGTH OF WROUGHT-IRON BRIDGE MEM* 

BERS. By S. W. Robinson, C.E. 

No. 61. POTABLE WATER AND THE DIFFERENT METH- 
ODS OF DETECTING IMPURITIES. By Charles W. Folkard. 

No. 6a. THE THEORY OF THE GAS-ENGiNE. By Dugald Clerk. 
Second edition. With additional matter.. Edited by F. E. Idell, M.E. 

No. 63. HOUSE DRAINAGE AND SANITARY PLUMBING. 
By W. P. Gerhard. Sixth edition, revised. 

No. 64. ELECTRO-MAGNETS. ByTh.duMoncel. 2d revised edition. 

No. 65. POCKET LOGARITHMS TO FOUR PLACES OF DECI- 
MALS. 

No. 66. DYNAMO-ELECTRIC MACHINERY. By S. P. Thompson. 
With notes by F. L. Pope. Third edition. 

No. 67. HYDRAULIC TABLES BASED ON " KUTTER'S 

FORMULA." By P. J. Flynn. 

No. 68. STEAM-HEATING. By Robert Briggs. Second edition, revised, 
with additions by A. R. Wolff. 

No. 69. CHEMICAL PROBLEMS. By Prof. J. C. Foye. Second 
edition, revised and enlarged. 

No. 70. EXPLOSIVES AND EXPLOSIVE COMPOUNDS. Bjr 
M. Bcrtholet. 

No. 71. DYNAMIC ELECTRICITY. By John Hopkinson, J. A. 
Schoolbred, and R. E. Day. 

No. 7a. TOPOGRAPHICAL SURVEYING. Bv George J. Specht, 
Prof. A. S. Hardy, John B. McMaster, and H. F. Walling. 

No. 73. SYMBOLIC ALGEBRA; OR, THE ALGEBRA OP 

ALGEBRAIC NUMBERS. By Prof. W. Cain.^ 

No. 74. TESTING MACHINES: THEIR HISTORY, CON- 
STRUCTION, AND USE. By Arthur V. Abbott. 

No. 75. RECENT PROGRESS IN DYNAMO-ELECTRIC MA- 
CHINES. Being a Supplement to Dynamo-Electric Machinery. By 
Prof. Sylvanus P. Thompson. 

No. 76. MODERN REPRODUCTIVE GRAPHIC PROCESSES. 

By Lieut. James S. Pettit, U.S.A. 

No. 77. STADIA SURVEYING. The Theory of Stadia Measurements. 
By Arthur Winslow. 

Na 78. THE STEAM-ENGINE INDICATOR, AND ITS USB. 
By W. B. Le Van. 

No. 79. THE FIGURE OF THE EARTH. By Frank C. Roberts, CJS. 

No. 80. HEALTHY FOUNDATIONS FOR HOUSES. By Gltno 
Brown^ 
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No. 8i. WATER METERS : COMPARATIVE TESTS OF 

ACCURACY, DELIVERY, ETC. Distinctive features of the Worth- 
ington, Kennedy, Siemens, and Hesse meters. By Ross E. Browne. 

No. 82. THE PRESERVATION OF TIMBER BY THE USE 
OF ANTISEPTICS. By Samuel Bagster Boulton, C.E. 

No. 83. MECHANICAL INTEGRATORS. By Prof. Henry S. H. 
Shaw, C.E. 

No. 84. FLOW OF WATER IN OPEN CHANNELS, PIPES, 
CONDUITS, SEWERS, ETC. With Tables. By P. J. Flynn, C.E. 

No. 85. THE LUMINIFEROUS ^THER. By Prof, de Volson Wood. 

No. 86. HAND-BOOK OF MINERALOGY; DETERMINATION 
AND DESCRIPTION OF MINERALS FOUND IN THE UNITED 
STATES. iJy Prof. J. C. Foye. 

No. 87. TREATISE ON THE THEORY OF THE CON- 
STRUCTION OF HELICOIDAL OBLIQUE ARCHES. By John 
L. Culley, C.E. 

No. 88. BEAMS AND GIRDERS. Practical Formulas for their Re- 
sistance. By P. H. Phil brick. 

No. 89. MODERN GUN-COTTON : ITS MANUFACTURE, 
PROPERTIES, AND ANALYSIS. By Lieut. John P. Wisser, U.S.A. 

No. 90. ROTARY MOTION, AS APPLIEP TO THE GYRO- 
SCOPE. By Gen. J. G. Barnard. 

No. 91. LEVELING: BAROMETRIC, TRIGONOMETRIC, AND 
SPIRIT. By Prof. I. O. Baker. 

No. 92. PETROLEUM : ITS PRODUCTION AND USE. By 
Boverton Redwood, F.I.C., F.C.S. 

No. 93. RECENT PRACTICE IN THE SANITARY DRAIN- 
AGE OF BUILDINGS. With Memoranda on the Cost of Plumbing 
Work. Second edition, revised. By William Paul Gerhard, C. E. 

ft 

No. 94. THE TREATMENT OF SEWAGE. By Dr. C. Meymott 
Tidy. 

No. 95. PLATE GIRDER CONSTRUCTION. By Isami Hiroi, C.E, 
Second edition, revised and enlarged. Plates and Illustrations. 

Na 96. ALTERNATE CURRENT MACHINERY. By Gisbert 
Kapp, Assoc. M. Inst., C.E. 

No. 97. THE DISPOSAL OF HOUSEHOLD WASTE. By W, 
Paul Gerhard, Sanitary Engineer. 

No. 98. PRACTICAL DYNAMO-BUILDING FOR AMATEURS. 
HOW TO WIND FOR ANY OUTPUT. By Frederick Walker. 
Fully illustrated. 

No. 99. TRIPLE-EXPANSION ENGINES AND ENGINE 
TRIALS. By Prof. Osborne Reynolds. Edited, with notes, etc., by 
F. E. Idell. M. E. 
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No. 100. HOW TO BECOME AN ENGINEER ; OR, IR^- 
THEORETICAL AND PRACTICAL TRAINING NECESSAR » 
FITTING FOR THE DUTIES OF THE CIVIL ENGINEER. \l. 
Opinions of Eminent Authorities, and the Course of Study in t 
Technical Schools. By Geo. W. Plympton, Am. Soc. C.E. \ 

No. loi. THE SEXTANT AND OTHER REFLECTING 

MATHEMATICAL INSTRUMENTS. With Practical Suggestion 
and Wrinkles on their Errors, Adjustments, and Use. With thirty 
three illustrations. By F. R. Brainard, U.S.N. 

No. 102. THE GALVANIC CIRCUIT INVESTIGATED 
MATHEMATICALLY. By Dr. G. S. Ohm, Berlin, 1827. Translated 
by William Francis. Wuh Preface and Notes by the Editor, Thomas 
D. Lockwood, M.I.E.E. 

No. 103. THE MICROSCOPICAL EXAMINATION OF POTA- 
BLE WATER. With Diagram^ By Geo. W, Rafter. 

No. 104. VAN NOSTRAND»S TABLE-BOOK FOR CIVIL AND 
MECHANICAL ENGINEERS. Compiled by Geo. W. Plympton, C.E, 

No. 105. DETERMINANTS, AN INTRODUCTION TO THE 

STUDY OF. With examples. By Prof. G. A. Miller. 

No. 106. TRANSMISSION BY AIR-POWER. Illustrated. By 
Prof. A. B. W. Kennedy and W. C. Unwin. 

No. 107. A GRAPHICAL METHOD FOR SWING-BRIDGES. 

A Rational and Easy Graphical Analysis of the Stresses in Ordinary 
Swing-Bridges. With an Introduction on the General Theory of Graphi- 
cal Statics. 4 Plates. By Benjamin F. LaRue, C. E. 

No. 108. A FRENCH METHOD FOR OBTAINING SLIDE- 
VALVE DIAGRAMS. 8 Folding Plates. By Lloyd Bankson, B.S., 
Assist. Naval Constructor, U.S.N. 

No. 109. THE MEASUREMENT OF ELECTRIC CURRENTS. 
Electrical Measuring Instruments. By Jas. Swinburne. Meters 
FOR Electrical Energy. By C. H. Wordingham. Edited by 
T. Commerford Martin. Illustrated. 

No. xxo. TRANSITION CURVES. A Field Book for Engineers, 
containing Rules and Tables for laying out Transition Curves. By 
Walter G. Fox. 

No. III. GAS-LIGHTING AND GAS-FITTING, including Specifica- 
tions and Rules for Gas Piping, Notes on the Advantages of Gas for 
Cooking and Heating, and useful Hints to Gas Consumers. Second 
^ition, rewritten and enlarged. By Wm. Paul Gerhard. 
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